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THE  PSYCHOLOGY  OF  MENTALLY  DEFICIENT 

CHILDREN 


§  1.    History  of  the  Interest  in  Menial  Defectives 

Mental,  deficiency  has  existed  and  has  been  recognized  as  sach 
nnee  the  earliest  times.  We  find  it  mentioned  in  the  legends  and 
historical  writings  of  the  most  ancient  peoples.  In  those  far  away 
times  we  find  that  individuals  of  weak  intellect  were  treated  very 
differently  in  different  nations.  Among  the  Orientals,  the  Bra- 
ziliaDS,  the  North  American  Indians  and  in  many  parts  of  Ireland 
and  Brittany,  the  feeble-minded  were  considered  to  be  under  the 
ipeeial  protection  of  deity,  and  consequently  were  treated  with  all 
respect  and  consideration.  The  Greeks,  on  the  contrary;  took  the 
opposite  point  of  view ;  the  mentally  weak  as  well  as  the  physically 
weak  were  left  to  die  from  exposure. 

During  the  middle  ages  we  find  scattered  records  which  seem  to 
show  that  in  some  monasteries  and  nunneries  of  Europe  a  few  feeble- 
minded children  were  cared  for  in  a  common  sense  way.  Bonnet 
and  Pireire  in  their  treatment  and  care  of  the  deaf-mutes  were  the 
forenmners  and  gave  the  inspiration  to  those  who  were  interested 
in  the  mental  defectives.  It  is  not  until  the  nineteenth  century, 
however,  that  we  find  either  scientific  research  and  inquiry  in  the 
field  of  mental  deficiency  or  any  literature  at  all  valuable. 

The  first  publications  worthy  of  note  are  from  the  hand  of  Itard, 
a  French  physician.  About  1800  some  soldiers  passing  through  the 
forests  of  Aveyron  discovered  a  boy,  more  animal  than  human,  whom 
they  brought  to  Dr.  Pinel,  of  Paris.  Upon  examination,  Pinel  pro- 
nounced the  boy  to  be  an  idiot  and  therefore  incurable.  Itard  took 
the  opposite  point  of  view  and  contended  that  the  case  was  not  be- 
yond hope.  To  prove  his  diagnosis  Itard  undertook  the  treatment 
of  this  young  savage  and  in  1801  published  his  pamphlet,  De  VEdu- 
cation  d'un  Homme  Sauvage  which  was  followed  in  1807  by  another. 
These  are  virtually  reports  of  Itard 's  methods  and  theories  of  the 
treatment  and  education  of  this  idiot.  We  know  of  the  failure  of 
the  physician's  plans,  but  his  work  and  suggestions  for  the  method- 
ical treatment  of  like  cases  gave  the  impetus  necessary  to  further 
work  in  this  same  field,  and  from  this  time  on  we  find  that  the  educa- 
tion of  the  feeble-minded  attracted  much  attention  in  France. 
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From  thfr.rfeports  of  the  Institute  for  the  Deaf  and  Dumb  in 
Hartf oi:d;;  Gonn.,  it  seems  that  in  1818  several  idiots  were  received 
at  that^Qistitution  and  subjected  to  the  same  treatment  as  the  other 
inmtft^;  with  some  hopeful  results.  In  1824  Belhomme  published 
his.yiews  concerning  idiocy,  which  were  in  brief  that  it  was  possible 
.-.'tq -luneliorate  the  unfortunate  condition  of  idiots  and  to  furnish 
Xihem  with  a  sort  of  education,  the  degree  to  which  they  were  capable 
'  of  benefiting  by  this  education  being  dependent  upon  the  degree  of 
idiocy.  This  view  was  put  into  execution  four  years  later  by  Ferrus, 
who  organized  a  school  for  idiots  at  Bicetre,  in  connection  with  the 
asylum  there.  In  1831  Falret  undertook  the  same  task  at  the  Sal- 
petriSre.  In  1834  was  opened  a  private  school  for  idiots  in  Paris  by 
Voisin.  This  lasted  for  only  a  few  years;  but  Voisin  there  gained 
some  of  the  experience  which  later  led  to  the  publication  of  his  book, 
De  Vidiotie  chez  les  enfants.  In  1837,  with  the  help  of  Esquirol, 
Itard  began  a  series  of  experiments  upon  an  infant  idiot  and  re- 
ported his  results  from  time  to  time. 

It  is  to  Edward  Seguin  that  the  honor  belongs  of  having  created 
a  real  method,  the  'm^thode  medico-pedagogique,'  for  the  treatment 
and  education  of  idiots.  In  1866  Seguin  published  his  theories  and 
method  in  a  book  entitled  Idiocy  and  Its  Treatment  by  the  Physio- 
logical Method.  This  method  as  outlined  by  Seguin  in  this  work  is 
still  followed  in  general  in  the  education  of  the  feeble-minded. 

The  essentials  of  this  method  are  embodied  in  the  following  ex- 
tracts. The  necessary  conditions  for  the  improvement  of  imbeciles 
are  that  **the  treatment  be  not  only  hygienic,  but  moral;  that  the 
education  be  not  the  putting  in  action  of  acquired  faculties,  which  is 
the  education  of  the  common  schools,  but  the  development  of  the 
functions,  of  the  aptitudes,  of  the  faculties,  and  of  the  instructive 
and  moral  tendencies."  These  powers  are  to  be  ascertained  by 
physiological  and  psychological  examination  of  each  case,  and  the 
proc^  of  education  then  followed  is:  "(1)  The  motor  power, 
(2)  The  senses,  (3)  The  perceptive  faculties,  (4)  By  gymnastics  of 
comparison,  (5)  By  gymnastics  of  invention,  (6)  Excitement  of 
sentiments  and  instincts  by  normal  necessities,  (7)  Special  excita- 
tion of  the  faculty  of  spontaneousness,  (8)  Incessant  provocation  to 
regular  action,  to  speaking  and  to  the  exercise  of  the  faculties  then 
developed.  The  aptitudes  thus  created  are  then  applied  to  different 
specialties,  according  to  the  fortune,  age  or  position  of  each  indi- 
vidual, care  being  taken  to  choose  in  every  case  an  occupation  which 
will  keep  in  activity  the  muscular  system  as  well  as  the  mental 
faculties." 
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Coiitemi>orary  with  Seguin,  Saegert,  in  1842,  opened  a  school  for 
idiots  at  Berlin,  and  in  the  same  year  Ou^enbuhl  established  in 
Abendberg,  Switzerland,  a  school  for  the  education  of  cretins.  Both 
these  men  followed  the  physiologic  line  of  training  mentioned  above. 
Gncsenbnhl  went  still  farther  and  in  his  plantation  near  Inter- 
laken  foreshadowed  the  colony  plan  of  the  large  institutions  of 
to-day. 

This  work  at  various  places  on  the  Continent  stimulated  interest 
in  En^and,  and  in  1846  Miss  White  opened  a  school  for  defectives 
at  Bath.  In  the  course  of  the  next  few  years,  physicians  in  London 
became  interested  in  her  efforts,  and  several  schools  were  opened  in 
that  city. 

In  America,  attention  was  attracted  to  this  new  field  of  work  by 
the  interest  shown  abroad,  and  in  1847  the  state  legislature  off 
Massachusetts  took  up  the  question  for  debate.     In  1848  an  experi-' 
mental  school  for  idiots  was  established  under  Dr.  Howe.     Three 
years  later,  after  having  achieved  valuable  results,  the  school  was 
made  permanent  and  became  the  Massachusetts  School  for  the  Feeble- 
Minded,  now  at  Waverley,  Mass.     A  similar  institution  was  opened 
by  the  State  of  New  York  in  1851.     Several  states  followed  the  lead 
of  these  two  and  established  state  institutions  for  the  care  of  these 
nnfortimates.     Private  schools  also  were  opened  under  the  control 
of  eminent  physicians.     Thus  interest  has  gone  on  increasing  until 
in  1901  there  existed  in  this  country  twenty  public  and  twelve  | 
private  institutions  of  importance  for  the  education  of  idiots.  I 

A  further  definite  step  in  advance  has  been  made  in  this  field 
since  1899.  For  years  the  public  schools  have  been  hampered  by 
what  we  have  called  *  backward  children,'  and  the  method  of  treat- 
ment of  this  class  of  children  has  offered  the  material  for  many  a 
dispute.  In  London,  in  1899,  this  question  was  brought  before  the 
Bchool  boards  and  a  committee  was  appointed  to  investigate  the  condi- 
tions as  existing  at  that  time  in  the  schools.  Their  report  was  that 
at  least  ten  per  cent,  of  the  children  attending  the  public  schools 
needed  special  instruction.  These  children,  many  of  them  not  de- 
fective enough  to  warrant  the  placing  of  them  in  an  institution,  were 
yet  so  defective  as  to  be  unable  to  profit  by  ordinary  school  instruc- 
tion. Not  only  do  the  children  of  this  type  gain  very  little  benefit 
from  the  school  work,  but  their  presence  in  the  class  prevents  the 
normal  children  from  gaining  the  most  from  the  instruction.  In 
an  investigation  conducted  among  California  children,  W.  S.  Monroe 
reached  the  same  conclusions. 

Acting  upon  the  report  of  the  committee,  the  London  School 
Board  established  'special  classes'  in  connection  with  schools  in  vari- 
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OUR  parts  of  the  city  to  which  the  backward  children  between  the 
ages  of  seven  and  sixteen  could  be  sent.  Special  programs  were  pro- 
vided for  these  classes,  and  the  number  of  children  in  each  was  lim- 
ited to  twenty.  In  this  and  in  every  other  way  the  work  was  adapted 
to  the  intellectual  deficiencies  of  the  pupils.  Some  of  the  children 
sent  to  these  classes,  after  having  attended  for  some  time,  were  sent 
back  to  the  regular  school  work ;  others  were  given  up  as  practically 
hopeless  cases  and  sent  to  the  institutions.  In  June,  1899,  London 
had  43  centers  comprising  85  such  classes  with  an  average  attend- 
ance of  1,289  children.  Philadelphia,  Providence,  Boston,  and  in 
1903  New  York  also,  have  followed  the  example  set  by  London  and 
provide  for  children  needing  special  and  unique  instruction  in  the 
public  school  system. 

Besides  these  special  classes  inaugurated  by  some  of  the  large 
cities,  all  the  civilized  countries  have  by  this  time  undertaken  the 
care  of  the  feeble-minded  in  a  more  or  less  eflSicient  way.  In  1904 
France  had  4  institutions  for  the  care  and  treatment  of  defectives; 
Germany,  25;  Denmark,  5;  Jutland,  1;  Sweden,  33;  Norway,  8; 
Russia,  1;  Holland,  1;  Austria,  4;  Switzerland,  18;  Belgium,  9; 
Italy,  7 ;  England,  13 ;  Scotland,  3 ;  Ireland,  1 ;  Canada,  1 ;  Australia, 
2;  Japan,  2;  and  the  United  States,  30.^ 

§2.    Definition  and  Classification 

As  this  investigation  is  of  an  experimental  character  it  is  not 
necessary  to  go  deeply  into  the  literature  on  the  subject,  which  is 
rather  extensive  and  of  a  purely  descriptive  character.  The  stand- 
point reached  by  investigators  in  regard  to  definition  and  classifica- 
tion may,  however,  be  mentioned. 

The  following  are  samples  of  the  definitions  given : 

Lord  Coke— "An  idiot,  or  natural  fool,  is  one  who  from  hif 
nativity,  by  perpetual  infirmity,  is  non  compos  mentis." 

Old  English  law  defines  an  idiot  as  a  person  of  non-sane  memory 
It  says,  ''It  is  sufScient  to  find  him  so  if  he  has  not  any  use  of  rea 
son ;  as  if  he  can  not  count  20  pence ;  if  he  has  not  understanding  t< 
tell  his  age,  or  who  is  his  father  or  mother.'' 

Boumeville— ''Idiocy  consists  of  the  arrested  development  eithe: 
congenital  or  acquired  of  the  intellectual,  moral  and  emotional  f  acul 
ties,  which  may  or  may  not  be  accompanied  by  motor  difficulties  an( 
perversion  of  instincts." 

Esquirol— "Idiocy  is  not  a  disease  but  a  condition  in  which  Intel 
lectual  faculties  are  never  manifested  or  have  never  developed  suffi 

*M.  W.  Barr,  Mental  Defectives,  pp.  71-77. 
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eiently  to  enable  the  idiot  to  acquire  such  amount  of  knowledge  as 
persons  of  his  own  age  and  placed  in  similar  circumstances  with  him- 
•df  are  capable  of  receiving.  Idiocy  commences  with  life  or  at  that 
age  which  precedes  the  development  of  the  intellectual  and  effective 
Acuities,  which  are  from  the  first  what  they  are  doomed  to  be  dur- 
ing the  whole  period  of  existence. " 

Segoin— "Physiologically  he  can  not;  intellectually  he  knows 
not;  mentally  he  wills  not." 

Blackstone—'^An  idiot  or  natural  bom  fool  is  one  that  hath  no 
miderrtanding  from  his  nativity  and  therefore  is  by  law  presumed 
never  likely  to  attain  any." 

Clonston—**  Idiocy  and  imbecility  are  conditions  of  mental  en- 
feeblement  resulting  from  want  of  brain  development  before  birth 
or  in  childhood.  The  mental  faculties  were  never  there,  their  organ 
being  unfit  to  manifest  them." 

Voisin— **The  idiot  is  an  individual  whose  intellectual,  sensory 
and  motor  faculties  are  not  developed  or  are  abnormally  developed 
in  a  defective  manner  or  are  arrested  in  their  evolution  before  or 
some  years  after  birth  to  a  degree  which  they  can  not  overcome  in 
consequence  of  chronic  lesions  of  the  brain." 

Maudsley— ''A  defect  of  understanding  by  reason  of  some  nat- 
ural incapacity— -which  no  education  will  overcome." 

Eichholz— "(General  lack  of  progress  is  accepted  as  the  cardinal 
sign  of  mental  deficiency  in  Germany." 

Ireland— -"Idiocy  is  mental  deficiency  or  extreme  stupidity,  de- 
pending upon  mal-nutrition  or  disease  of  nervous  centers  occurring 
either  before  birth  or  before  the  evolution  of  mental  faculties  in 
childhood." 

A  Report  on  the  Physical  and  Mental  Condition  of  the  Feeble 
Minded,  London— "It  manifests  itself  through  a  defective  or  diseased 
organization,  for  even  when  there  are  no  visible  defects,  the  mischief 
has  presumably  begun  in  the  brain  matter  itself.  It  is  frequently 
indicated  by  outward  physical  abnormalities,  or  an  imperfect  gen- 
eral conformation  of  the  body  with  usually  shortness  of  stature." 

Lippestad— "All  children  who  are  partially  or  wholly  unfitted 
to  profit  by  the  teaching  of  ordinary  schools  may  sfidfely  be  classed 
under  the  title  of  Abnormal" 

Osborne— "Perhaps  the  most  noticeable  characteristic  of  the 
truly  feeble-minded  child  is  the  very  childishness  or  immatureness 
of  its  acts,  its  expressions  or  its  demonstrative  desires.  In  the 
majority  of  cases  there  will  be  found  to  exist  some  physical  abnor- 
mality, blight  or  peculiarity  that  will  give  a  clue  to  the  retarded 
development  of  brain  and  mind." 
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The  following  are  samples  of  classifications  used: 

Esqnirol— According  to  the  powers  of  speech. 

1.  Those  individuals  nsing  short  phrases. 

2.  Those  nsing  monoi^llables. 

3.  Those  making  cries  only. 
Howe— According  to  powers  of  speech. 

1.  Simpletons,  those  individuals  using  simple  sentences. 

2.  Fools,  those  using  single  words. 

3.  Idiots,  those  using  simple  sounds. 
Hoflfbauer— According  to  powers  of  judgment. 
Seguin— According  to  physiological  conditions. 

1.  Profound  idiocy,  the  central  organs  aflPected. 

2.  Superficial  idiocy,  the  terminal  organs  affected. 

Duncan  and  Millard— According  to  physical  defects.     Eight  classes. 
Voisin— 

1.  Complete  idiocy,  which  is  absolute  idiocy  either  congenital  or 

acquired. 

2.  Incomplete  idiocy,  that  which  is  susceptible  ot  amelioration 

either  congenital  or  acquired.  •    *• 

3.  Congenital  or  acquired  imbecility.   .  >;;i 

4.  Mental  debility. 

Piper— According  to  the  presence  or  absence  of ,  convulsions. 
Sollier— According  to  the  attention. 

1.  Absolute  idiocy,  complete  absence  of  att&itiori. 

2.  Simple  idiocy,  weak  attention.  *      »         • 

3.  Imbecility,  fickle  attention.  > 
Ireland— Pathological. 

1.  Genetous.  2.  Microcephalic.         3.  Hydrocephalic. 

4.  Eclampsic.         5.  Epileptic.  6.  Paralytic. 
7.  Traumatic.         8.  Inflammatory.         9.  Sclerotic. 

10.  Syphilitic.        11.  Cretinism.^  12.  Idiocy  of  Deprivation. 

Tuke— 

1.  Those  who  exhibit  nothing  beyond  the  reflex  movements  known 

as  excito-motor. 

2.  Those  whose  reflex  acts  are  consensual  or  sensori-motor,  in- 

cluding those  of  ideo-motor  and  emotional  character. 

*  As  the  cause  for  cretinism  has  been  found  to  be  a  lack  of  certain  chemical 
constituents  in  the  blood,  it  is  possible  that  idiocy  in  some  of  its  other  forms 
may  be  traced  to  a  similar  cause.  Instead  of  classifying  defectives  according 
to  mental  traits,  or  physical  symptoms  or  the  kind  of  treatment  needed,  from  a 
medical  standpoint  at  least,  the  most  helpful  classification  might  be  one  based 
on  the  '  chemistry  of  the  idiot.' 
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3.  Those  who  manifest  volition— whose  ideas  produce  some  intel- 
lectual operations  and  consequent  will. 
Keriin- 

L  Apathetic  idiots. 

2.  Excitable  idiots. 

3.  Low-grade  imbeciles. 

4.  Middle-grade  imbeciles. 

5.  High-grade  or  first  imbeciles. 

6.  Juvenile  insane  imbeciles. 
Kraepelin— 

1.  Stupid  imbeciles. 

2.  Active  imbeciles. 

3.  Moral  imbeciles. 

4.  Superficial  idiots. 

5.  Profound  idiots. 
Ban-— 


Asylum  care 


1.  Profound  idiots 


2.  Superficial  idiots 
^  3.  Idio-imbecile. 


{Apathetic. 
Excitable, 
f  Apathetic. 


Custodial  life  {  4.  Moral  imbecile^ 


\  Excitable. 

Low  grade. 
Middle  grade. 
High  grade. 


Apprenticeship  and 
Colony  life 

Trained  for  a  place 
in  the  world 


{ 


5.  Low  grade  imbecile. 

6.  Middle  grade  imbecile. 

7.  High  grade  imbecile. 

8.  Backward  or  mentally  feeble. 


§3.     Criticisms  of  the  AvaHable  Literature 

Prom  the  definitions  and  classifications  quoted,  it  is  evident  that 
there  is  great  diversity  of  opinion  upon  these  two  fundamental  mat- 
ters of  psycho-asthenics.  This  is  but  a  sample  of  the  confusion  and 
disagreement  that  is  found  with  reference  to  almost  every  other  fact 
mentioned  in  the  literature  on  the  subject.  There  is  very  little  exact 
detailed  description  of  the  mental  or  physical  make-up  of  defectives. 
We  find  scattered  observations  of  single  cases  in  medical  records  and 
the  reports  of  physicians,  which  are  concerned  chiefly  with  causes 
for  idiocy  and  the  accompanying  brain  conditions,  with  vague  gen- 
eralizations about  defectives  as  a  whole  and  with  few  or  no  facts  to 
support  them.     The  only  exact  measurements  which  I  have  met  are 
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those  of  Jacobs,  Galton,  Johnson,  Wylie  and  Kelly,  which  will  be 
discussed  later. 

There  are  several  reasons  for  this  condition  of  affairs.  In  the 
first  place,  writers  differ  materially  as  to  the>:cau8e  of  idiocy,  some 
maintaining  that  the  condition  is  due  to  malformation  of  the  brain, 
others  that  it  is  due  to  a  diseased  condition,  and  still  others  that  it 
is  due  to  retarded  development,  the  condition  being  that  of  an  indi- 
vidual reaching  a  lower  stage  of  development  than  the  normal  person. 
This  seems  to  be  a  matter  of  opinion,  since  the  histology  of  the  brain, 
in  different  conditions,  is  as  yet  very  incompletely  worked  out. 
Ireland  says  that  ''save  in  the  cases  of  hydrocephalic  and  micro- 
cephalic idiots,  the  size  of  the  head  gives  no  estimate  of  the  compara- 
tive intelligence  of  the  children."  And  again  both  Barr  and  Ireland 
agree  that  **  mental  capacity  diminishes  with  the  brain  weight  if  we 
use  large  weights;  but  if  we  use  smaller  weights,  two  or  three  ounces, 
for  example,  we  soon  find  that  we  can  not  establish  a  constant  relation 
between  the  size  of  the  hemisphere  and  the  amount  of  mental  power 
shown.-'  However,  these  opinions  do  not  deal  with  the  structure  of 
the  brain.  As  to  the  presence  of  disease,  Wilwarth  holds  that  of 
the  brains  examined  only  fifty  per  cent,  were  diseased.  The  only 
work  which  truly  touches  the  points  mentioned  above  is  that  of  Ham- 
marberg,  published  in  1893.  This  work  has  not  been  continued ;  at 
least  no  further  work  supplementing  it  has  been  given  to  the  public. 
His  result  rests  upon  the  examination  of  the  brains  of  nine  idiots. 
He  holds  that  all  idiots  have  fewer  cells  in  the  brain  than  other 
people,  also  that  the  cells  are  simpler.  In  some  cases  this  lack  of 
development  may  be  limited  to  only  one  part  of  the  cortex.  He  finds 
three  types  of  development:  (1)  Development  of  the  brain  becomes 
impaired  in  embryonic  stage.  No  development  of  consciousness  or 
conception  is  possible.  (2)  Development  of  the  brain  becomes  im- 
paired in  a  higher  embryonic  stage  or  in  the  first  year  of  life.  Con- 
sciousness and  conception  are  possible,  but  no  higher  development. 
(3)  Development  of  the  brain  is  impaired  during  the  first  year  or 
later;  one  section  is  most  affected,  but  the  whole  brain  reaches  the 
development  of  a  younger  normal  child.  Consciousness  and  con- 
ception are  possible,  but  no  higher  station  can  be  reached  by  the 
individual. 

In  the  fields  of  brain  histology  and  physiological  chemistry  will 
probably  be  found  the  answers  to  many  of  the  debated  points  in  this 
subject,  but  until  there  has  been  more  research  along  these  lines  we 
can  not  hope  for  agreement  among  writers  in  general. 

A  second  cause  for  conflicting  opinions  has  been  the  fact  that 
idiocy  in  all  its  grades  has  been  confused  with  insanity,  and  the  man- 
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ser  of  treatment  and  the  investigations  of  insanity  have  been  made 
to  serve  also  for  feeble-mindedness.  However,  this  fallacy  has  been 
avoided  by  some  of  our  recent  writers  and  such  treatment  is  not 
found  in  the  newer  books  on  the  subject. 

The  third  reason  for  the  diversity  of  opinion  may  be  f onnd  in 
the  point  of  view  taken  by  the  investigator.  The  basis  for  classifica- 
tion ehoeen  may  be  etiology,  symptomatology,  pathological  anatomy 
or  edneation,  and  with  this  difference  in  point  of  view-— a  difference 
iriiich  must  tinge  the  whole  investigation— it  is  no  wonder  that  we 
find  statements  which  are  even  contradictory. 

A  fourth  reason,  and  to  my  mind  the  most  important  one,  is  the 
lack  of  scientific  experiments  as  to  both  the  physical  and  the  mental 
traits  of  the  idiot. 

§  4.    Summary  of  Previous  Experimental  Work 

Expebucentaii  evidence  as  to  the  position  occupied  by  idiots  in 
varioas  mental  and  physical  traits  as  compared  with  the  position 
oeeapied  by  ordinary  children  in  the  same  traits,  is  the  only  means 
of  d^nitely  answering  questions  in  the  psychology  of  idiocy.  From 
such  exact  measurements  as  exist,  namely,  those  of  Jacobs,  Oalton, 
Jdmson,  Wylie  and  Kelly,  we  get  the  following  facts.  Jacobs,  when 
using  the  digit  test  in  order  to  ascertain  the  memory  span  of  school 
diildren,  thought  that  his  results  would  mean  more  could  the  tests  be 
pven  over  a  wider  range  of  intellectual  ability ;  Oalton  accordingly 
iiqpplemented  his  work  by  giving  approximately  the  same  tests  to 
44  feeble-minded  children.  The  conclusion  drawn  from  this  work 
is  simply  that  none  of  the  idiots  attain  the  normal  memory  span— 
the  average  for  the  idiots  being  4  digits. 

In  the  Psychological  Review  for  July,  1903,  R.  S.  Kelly  reports 
I  comparative  study  of  psychophysical  tests  on  normal  and  abnormal 
children.  The  tests  were  given  to  the  children  in  the  elementary 
school  of  the  University  of  Chicago  and  to  those  in  the  Chicago 
Physiological  SchooL  "The  tests  may  be  divided  roughly  into  three 
dasses.  There  were  the  ordinary  tests  of  the  senses  of  hearing,  sight, 
taste,  smell,  touch  and  temperature,  together  with  sensitiveness  to 
pain.  There  was  a  series  of  muscular  tests  involving  numerous 
forms  of  muscular  coordination  with  special  reference  to  rapidity, 
seeuracy  and  steadiness  of  movement  and  fatigue.  And  third,  a 
nmnber  of  tests  were  made  with  special  reference  to  prevalent  forms 
of  imagery  in  peculiar  types  of  children,  certain  emotional  reactions, 
etc"  Quoting  the  results  wjiich  bear  directly  on  the  tests  given: 
"(4)  Approximate  uniformity  of  results  in  psychical  reactions  is 
eharacteristic  of  healthy  consciousness.      Inability  to  secure  this 
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uniformity  is  at  once  a  sign  of  a  neurotic  condition,  which  if  neg- 
lected may  become  permanent.  (5)  ...  A  child  of  arrested  devel- 
opment has  a  well-developed  automobile  conscuyusness.  He  has 
power  of  imagery  with  reference  to  this  machine,  visual,  auditory 
and  motor,  which  measured  in  terms  of  race  development  alone  would 
indicate  a  degree  of  intelligence  far  advanced.  ...  (7)  These  tests 
with  both  classes  of  children  agree  in  indicating  that  touch  is  a  more 
primitive  sense  than  color.  It  develops  first  and  maintains  its  pre- 
cedence for  some  years.  (How  long  is  as  yet  undetermined.)  (8) 
Bright  colors  are  generally  preferred  by  these  abnormal  children. 
(9)  The  grbsser  movements  of  the  body  develop  before  the  finer  onea 
There  is  greater  accuracy  and  rapidity  of  movement  with  the  shoul- 
der than  with  the  finger,  and  this  rule  is  followed  by  children  up  tc 
the  highest  group  (tenth)  in  the  Elementary  School.  (10)  There 
is  a  uniform  increase  of  ability  in  motor  coordination  as  the  intelli- 
gence rises.  (12)  The  lower  the  intelligence  the  more  prominent 
the  element  of  fatigue  appears.  (15)  if  is  quite  possible  for  thf 
simple  motor  test  which  discloses  the  degree  of  intelligence  to  be  sc 
conducted  as  to  give  ethical  data  as  well.  (16)  The  abnormal  chile 
is  deficient  in  intensity  and  not  in  extent  of  psychic  function." 

The  main  criticisms  of  these  results  are  two  in  number.  In  thi 
first  place  the  author  has  not  treated  enough  cases  to  make  his  result 
reliable,  especially  in  the  case  of  the  defective  children.  In  some  o: 
the  tests  the  number  of  cases  tested  is  not  stated  and  in  no  instance 
is  the  result  obtained  for  more  than  sixteen  children.  In  the  secom 
place  the  conclusions  quoted  are  often  vague  and  do  not  seem  to  gnw 
directly  out  of  the  tests. 

Probably  the  most  extensive  measurements  of  the  feeble-minde< 
have  been  made  by  Dr.  R.  T.  Wylie  and  reported  in  the  Journal  a 
PsychO'Asthenics  (Vol.  IV.,  No.  3;  Vol.  V.,  No.  1;  and  VoL  VII. 
No.  1),  which  I  copy  almost  in  full.  His  measurements  of  th 
height  and  weight  of  the  feeble-minded  children  taken  in  their  ordi 
nary  school  clothes  are  given  in  the  table  on  the  opposite  page. 

''To  study  the  condition  of  taste  among  the  lowest  grade  o 
feeble-minded  children,  the  author  made  use  of  sugar,  quinine  suJ 
phate,  tartaric  acid  and  salt,  applying  them  to  the  tongue  an 
noticing  if  the  subject  gave  any  indication  of  a  difference.  Thirtj 
five  boys  and  thirty-one  girls  were  tested.  Of  these  eight  girls  an 
fifteen  boys,  or  24  per  cent,  of  all,  gave  no  indication  of  a  difference 
Eight  boys  and  eight  girls,  or  17  per  cent,  of  all,  showed  a  differenc 
for  quinine;  twenty-one  girls  and  nineteen  boys,  or  41  per  cent,  c 
all,  showed  a  difference  for  tartaric  acid ;  and  fifteen  girls  and  seve 
boys,  or  23  per  cent,  of  all,  showed  a  difference  for  salt.     Thus  tl 
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taste  for  bitter  seems  to  be  most  frequently  absent,  while  that  for 
loar  is  most  commonly  present 
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NO. — Number  of  Boys. 
W.  B.— Weight  of  Boys. 
H.  B. — Height  of  Boys. 
Weights  are  in  Kgms. 
Hei^ta  given  in  Mm. 


NO.  G.— Number  of  Girls. 
W.  G.— Weight  of  Girls. 
M.  V. — Mean  Variation. 
H.  G.— Height  of  Girls. 


**To  study  this  taste  of  the  brightest  feeble-minded  children, 
lolntions  of  the  above  substances  were  made,  and  these  were  added  a 
little  at  a  time  to  a  quantity  of  water  until  the  subject  perceived 
the  proper  taste,  the  tongue  being  cleaned  and  dried  at  proper  in- 
tervals. Ytojh  the  quantity  of  taste  solution  and  water  taken  the 
strength  of  the  solution  tasted  could  be  calculated.  Twenty  children 
were  tested.      For  fourteen  of  these  the  averages  were : 
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''For  sugar,  1.3  per  cent.,  M.  V.  0.4,  or  1  part  to  77;  for  salt, 
0.48  per  cent,  M.  V.  0.19,  or  1  part  to  208 ;  for  acid,  0.41  per  cent., 
M.  V.  0.40,  or  1  part  to  244;  for  quinine,  0.0177  per  cent,  M.  V. 
0.0062,  or  1  part  to  5,694. 

"The  strength  of  solutions  for  normal  people  as  determined  by 
Bailey  and  Nichols  is  for  sugar  1  part  to  199,  for  salt  1  part  to  2,240, 
for  sulphuric  acid  1  part  to  2,080  and  for  quinine  1  part  to  390,000. 
A  marked  dullness  throughout,  and  especially  so  for  bitter. 

**Six  of  those  tested  were  unable  to  recognize  the  taste  of  one  or 
more  of  these  substances  even  when  used  full  strength.  With  two 
of  them  salt  was  wanting,  with  three  of  them  sour,  and  with  two  of 
them  bitter,  in  every  case  being  identified  with  another  taste. 

**  Hence,  with  the  feeble-minded,  as  with  criminals,  we  find  a 
marked  dullness  of  taste.  With  a  few  some  of  the  tastes  are  lack- 
ing,  while  with  the  lowest  grades  only  one  or  two  may  be  present 

^'The  reaction  times  were  taken  with  a  Hipp's  chronoscope  and 
the  common  touch  key;  for  sound  an  electric  hammer  was  used. 
The  current  through  the  instrument  was  reversed  after  each  reading. 
Of  those  making  the  test  twenty-two— sixteen  boys  and  six  girls- 
were  considered  to  have  made  the  test  properly.  Their  ages  varied 
from  eight  to  thirty-seven  years,  the  average  being  twenty  years 
The  average  number  of  tests  for  each  was  twenty-one.  The  average 
reaction  time  was  0.338  seconds,  with  a  mean 'variation  of  0.08  seo 
onds.  The  normal  reaction  time  lies  between  one  tenth  and  twc 
tenths  seconds,  say  0.148  seconds,  and  the  mean  variations  can  b< 
put  at  0.04  seconds. 

'*In  the  number  of  tests  made  the  effects  of  fatigue  and  practie 
seemed  to  about  balance  each  other.  Twelve  other  children  wen 
tested.  Of  these  five  were  unable  to  perform  the  test,  and  sevei 
of  them  had  an  average  reaction  time  of  0.538  seconds,  with  a  mea] 
variation  of  0.164  seconds. 

*  *  Sixteen  children  made  the  tests  for  sound  reaction.  The  averag 
number  of  tests  was  twenty-four.  The  average  reaction  time  wa 
0.293  seconds,  with  a  mean  variation  of  0.085  seconds.  The  norma 
time  has  been  found  to  lie  between  0.120  and  0.180  seconds,  with 
mean  variation  of  0.022  seconds.  However,  fifty-three  men  in  th 
University  of  Minnesota  gave  an  average  reaction  time  of  0.21 
seconds.  The  reaction  time  of  the  insane  to  sound  has  been  f  oun 
to  vary  from  0.200  and  0.340  seconds,  with  a  high  mean  variatioi 
On  being  directed  to  be  quick,  eleven  children,  in  a  series  of  &% 
tests,  succeeded  in  reducing  their  reaction  time  by  an  average  c 
0.012  seconds.  Five  who  did  the  touch  reaction  tests  were  unable  1 
do  the  sound  reaction  tests. 
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"Among  the  children  tested  there  were  fourteen  Mongols.  Of 
these  ei^t  were  regarded  as  having  made  the  tests  successfully. 
Their  average  touch  reaction  time  was  0.396  seconds,  with  a  mean 
variatioii  of  0.095  seconds.  The  average  of  the  other  six  was  0.570, 
with  a  mean  variation  of  0.160  seconds.  Seven  of  the  Mongols  per- 
formed the  solmd  tests  with  an  average  of  0.360  seconds,  and  with  a 
mean  variation  of  0.113  seconds. 

''In  order  to  test  the  visual  memory  of  our  children  the  author 
made  use  of  form,  color  and  letters.  For  the  first,  ten  forms  were 
eat  from  card  board,  the  more  common  geometrical  forms  as  well 
as  some  irregular  ones  being  chosen.  Two  sets  were  made,  one  for 
the  child  and  one  for  the  experimenter.  For  the  color  tests,  ten 
eolors  were  selected  from  Bradley's  colored  papers,  the  endeavor 
being  made  to  get  them  as  unlike  as  possible,  and  affixed  to  cards. 
For  the  last  test  paper  letters  mounted  upon  cards  were  used,  the 
eonsonants  being  chosen  so  as  to  exclude  syllable  formation.  The 
child  being  ready  for  the  experiment,  a  set  of  forms,  colors  or  letters 
were  arranged  before  him  on  the  table ;  five  of  the  same  series  were 
then  shown  to  him  by  the  experimenter  for  two  seconds,  as  indicated 
by  a  metronome,  then  they  were  covered  from  view  and  the  child 
was  required  to  select  the  same  five  as  he  remembered  them  from  the 
sets  of  objects  before  him,  the  order  of  selection  being  disregarded. 
Five  trials  of  each  sort  were  made,  and  the  number  of  correct  selec- 
tiom  noted.     The  results  were  as  follows: 


Form 

Color 

Letteri 

Girlff  26 

2.3 

2.4 

2.6 

Boys  26 

2.5 

2.3 

2.7 

"Thus  out  of  five  objects  these  were  the  average  number  cor- 
rectly remembered.  The  ages  of  the  children  ranged  from  fifteen 
to  thirty,  and  we  think  that  we  are  not  wrong  in  expecting  almost 
perfect  answers  to  our  tests  from  normal  people  of  the  same  age. 
The  memory  error  for  five  objects  of  our  children  is : 


Form 

Color 

LetterB 

Girls 

2.7 

2.6 

2.5 

BqyB 

2.5 

2.7 

2.5 

"Grouping  the  children  according  to  mental  ability,  as  estimated 
by  their  teacher.     A  being  the  brightest,  we  have : 

Form  M.V.  Color  M.  V.        Letters         M.V. 


Boys   A 

3.3 

0.6 

3.2 

0.5 

4.1 

0.5 

B 

2.9 

0.3 

3.0 

0.4 

3.2 

0.4 

C 

2.5 

0.6 

1.7 

0.9 

1.8 

1.0 

Girls  A 

2.9 

0.4 

3.1 

0.5 

3.6 

0.7 

B 

2.4 

0.4 

2.5 

0.5 

1.8 

0.8 

C 

1.9 

0.7 

2.0 

1.2 

2.2 

1.6 
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''Interpreting  the  mean  variation  as  the  uncertainty  of  memory, 
and  deducing  the  memory  error  from  the  other  columns,  we  see  that 
the  error  and  uncertainty  of  memory  increase  with  mental  dullness. 
In  regard  to  the  influence  of  the  knowledge  of  the  names  on  the 
memory  of  the  objects,  we  find  that  the  average  number  of  names 
known  by  each  child  is : 

Form  Color  Letteri 

Boys    A                        4.6  6.6  10 

B                        3.5  5.0  7.8 

Girls    A                       4.1  8.6  10 

B                       2.0  2.0  1.0 

This  shows  a  slight  influence  in  colors  and  letters  with  the  girls. 

"The  tests  so  far  having  to  do  with  visual  memory,  we  next  took 
up  for  consideration  the  auditory  memory.  To  this  end,  we  made 
use  of  the  following  tests.  First  a  series  of  nonsense  syllables  were 
made,  endeavoring  to  get  some  as  free  from  association  as  possible. 
These  were  read  to  the  child  at  the  rate  of  one  per  second,  five 
making  one  test.  Next  were  selected  groups  of  six  associated  words^ 
which  were  likewise  read  to  the  child  at  one  per  second.  He  was 
required  to  repeat  them  inmiediately,  and  both  the  words  remem- 
bered and  the  number  of  associations  were  noted.  Lastly,  groups 
of  sentences  were  selected  from  their  school  readers.  These  were  of 
various  lengths  from  five  to  thirty-five  words.  They  were  read  to 
the  child  at  the  rate  of  a  word  per  second  and  he  was  required  to 
repeat  it  immediately.  The  number  of  words  correctly  remembered 
was  noted.     The  results  were  as  follows: 


Syllables 

Wordi 

▲n'n 

Sentenees 

Boys 

2.1 

3.9 

1.8 

10 

Girls 

2.1 

3.7 

1.9 

12 

"The  small  number  of  associations  and  the  large  number  of 
words  is  very  noticeable.  Chance  we  consider  to  be  excluded  by  the 
method  of  work  of  the  children. 

"Grouping  our  results  according  to  the  mental  ability  of  the 
children,  we  have : 

Boys 


Girls 


"Here,  as  above,  we  find  the  error  and  uncertainty  of  memory 
increase  with  the  mental  dullness.  These  tests  in  auditory  memory 
seemed  easier  to  perform  than  those  for  visual  memory,  for  four  girlg 


Syl. 

M.V. 

Wordf 

M.V. 

▲ss'n 

M.V. 

Sent. 

M.V. 

A 

3.0 

0.4 

5.0 

0.2 

2.8 

0.4 

15 

3 

B 

2.1 

1.1 

4.0 

0.6 

1.6 

0.7 

12 

6 

C 

1.6 

0.8 

3.1 

0.9 

1.4 

0.6 

7 

3 

A 

2.5 

0.7 

4.2 

0.6 

2.2 

0.6 

16 

5 

B 

2.1 

1.5 

3.5 

1.8 

2.1 

1.2 

10 

5 

C 

0.9 

0.5 

3.3 

0.6 

1.3 

0.6 

5 

2 
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and  two  boys  graded  C  while  being  able  to  perform  the  auditory 
teats,  could  not  do  the  visual  tests.  Grouping  the  results  to  show  the 
average  number  remembered  in  each  way,  we  have: 


Auditory 

Vlioal 

BCJB 

2.6 

2.4 

GirU 

2.6 

2.6 

"This  shows  practically  no  diflference.  Yet  five  girls  and  two 
boys  said  that  they  remembered  by  Uooks/  and  seven  girls  and  nine 
boys  by  'name.'  However,  we  have  seen  some  influence  from  the 
knowledge  of  the  names  in  the  visual  tests. 

"'The  same  children  were  given  a  test  on  the  memory  of  muscular 
movements.  A  graduated  rod  was  fixed  on  suitable  supports  and 
two  adjustable  stops  or  rings  were  placed  on  the  rod  so  that  any  dis- 
tance could  be  set  off  by  them.  Three  distances  were  used;  ten, 
thirty  and  fifty  centimeters.  In  performing  the  test,  the  child  was 
•eated  so  that  one  of  the  stops  on  the  rod  was  in  front  of  him,  the 
other  stop  was  set  at  the  required  distance ;  with  eyes  shut,  the  child 
then  moved  the  index  finger  of  his  right  hand  from  one  stop  to  the 
other  and  then  back.  The  outer  stop  was  then  removed  and  he  was 
required  to  move  his  hand  over  the  original  distance  as  he  remem- 
bered it.  In  the  first  series  this  was  done  immediately,  then  after 
I  wait  of  ten  seconds,  then  of  twenty  seconds.  The  results  for  100, 
300  and  500  millimeters  were  as  follows : 


0  MC.           M.  V. 

10  sec.           M.  V.           20  iCC.           M.  V. 

Boy»  17                 108              8.1 

Ill             10.2             144             19.6 

Girb  17                 108              7.7 

113             15.2             108             14.5 

Boys                      311             16.5 

279             23.6             271             27.6 

Girb                      287             17.8 

282             21.8             277             24.7 

BoTj                      490             18.7 

463             33.2             447             31.8 

GirU                      476             18.1 

457             22.4             456             23.1 

**The  averages  found  by  Scripture  for  the  same  distances: 

0  tec               M.  V.             10 

sec. 

M.  V.              20  sec.               M.  V. 

— 1.0               0.9              - 

•3.1 

1.1               —0.1               1.2 

-h  to  2.8         to  1.3        -h  to  2.8 

to  1.7        —to  4.0        to  1.9 

**  Comparing  these  results  from  normal  people  with  the  ones  we 
have  given,  we  find  the  memory  error  of  the  feeble-minded  to  be 
from  two  to  ten  times  the  normal,  and  the  uncertainty  of  memory 
to  be  from  five  to  fifteen  times  the  normal.  The  memory  error,  as 
with  normal  people,  increases  with  increased  distance  while  the  un- 
certainty steadily  increases.  Grouping  the  results  according  to 
mental  ability,  we  have,  for  100,  300  and  500  millimeters: 


A 

102 

6.1 

104 

10.3 

104 

13.9 

B 

107 

9.5 

111 

11.7 

140 

19.8 

C 

110 

8.9 

121 

8.4 

196 

26.2 

A 

107 

7.6 

115 

16.4 

103 

11.9 

B 

116 

12.6 

100 

6.0 

144 

33.8 

A 

306 

17.2 

282 

25.4 

268 

28.1 

B 

297 

10.3 

269 

21.6 

306 

24.6 

C 

320 

23.3 

298 

24.0 

365 

31.8 

A 

291 

14.2 

280 

22.4 

274 

25.8 

B 

273 

36.7 

297 

16.8 

302 

17.0 

A 

497 

16.3 

473 

46.8 

419 

31.9 

B 

483 

20.9 

429 

30.5 

455 

40.5 

C 

489 

18.9 

493 

20.2 

470 

21.3 

A 

484 

16.8 

468 

23.1 

456 

24  JS 

B 

430 

24.1 

448 

17.0 

465 

15.2 
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Oieo.  M.y.  lOiee.  M.  V.  20  lec.  M.V. 

Boys 

Girls 
Bays 

Girls 
Boys 

Girls 

''As  a  rule  the  error  and  uncertainty  of  memory  decrease  wil 
intelligence,  the  results  showing  some  variations  probably  due  to  tl 
number  examined." 

The  chief  question  with  regard  to  all  this  work  is  wheUier  ti 
tests  were  within  the  comprehension  of  the  children,  whether  tlu 
really  understood  the  directions.  In  both  the  experiments  in  tafl 
and  reaction  time  it  is  extremely  difficult  to  make  subjects  undfl 
stand  just  what  is  wanted,  and  with  the  feeble-minded  this  wool 
be  doubly  true.  In  some  cases  the  method  used  is  indicated  i 
roughly  that  one  does  not  know  how  much  the  results  mean. 

Johnson  reports  in  Vol.  III.  of  the  Pedagogical  Seminary  thi^ 
sets  of  tests  on  72  feeble-minded  children— a  test  of  memory  spi 
for  digits,  of  motor  control  and  of  the  time  of  uncontrolled  assooi 
tion  of  ideas.  For  the  memory  test  the  results  are  roughly  as  f  ollowi 
"Approximately  25  per  cent,  of  idiots  reach  or  exceed  the  abilil 
reached  or  exceeded  by  50  per  cent,  of  ordinary  children.  This  di 
f  erence  is  not  much  greater  than  between  boys  and  girls  in  spellis 
ability."  As  Johnson  points  out,  the  lack  of  retentiyeness,  phyrii 
logically  speaking,  is  not  a  prominent  factor  in  feeble-mindednai 
The  apparent  lack  may  be  due  to  lack  of  attention  or  will  power. 

In  the  experiment  on  motor  control,  12  feeble-minded  childrfl 
were  tested  with  the  ataxiagraph.  They  seem  in  general  to  1 
slightly  below  the  average  ability  in  motor  control  attained  by  ndl 
mal  children. 

The  greatest  difference  was  found  in  the  third  test,  the  time  ft 
uncontrolled  associations.  Thirty  children  were  tested,  the  wore 
nsed  being— house,  tree,  chair,  ship,  clock  and  Fourth  of  July. 


Average 

fflowest 

QalckesI 

For  30  feeble-minded  boys, 

6.35  sec. 

10.70 

2,70 

For  10  ordinary  boys, 

2.61  sec. 

3.47 

2.06 
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Compared  with  results  obtained  by  Cattell  and  Bryant  from 
nonnal  children,  the  idiots  tend  to  make  simple  objective  (rather 
than  logical)  associations.  This,  then,  is  the  gist  of  the  evidence  on 
the  subject  and  of  course  the  main  criticism  npon  it  is  that  the  tests 
are  too  narrow  to  admit  of  a  conclusion  as  to  the  mental  ability  of 
idiots.  The  digit  test  has  been  felt  by  many  experimenters  to  be 
unreliable  as  a  real  measure  of  memory,  for  in  the  first  place  it  meas- 
ures only  a  very  special  kind  of  memory,  and  that  dependent  upon 
mere  physical  retentiveness,  and  in  the  second  place  the  results  gained 
frcHn  suceessive  tests  upon  the  same  individual  have  such  a  wide 
variability  as  to  render  them  of  little  practical  value.  From  the 
standpoint  of  method  another  objection  is  the  fact  that  these  results 
are  eomparable  with  the  records  of  children  in  general  only  with 
diSeoIty.  So  although  this  evidence  may  suggest  the  presence  of 
certain  differences  between  ordinary  children  imd  defectives  in  cer- 
tahi  abilities^  it  does  not  go  deep  enough  nor  cover  a  broad  enough 
fidd  to  warrant  definite  conclusions.  I  have  endeavored,  therefore, 
to  add  to  the  work  in  this  field  by  giving  exact  measurements  of  a 
munber  of  traits,  both  physical  and  mental,  in  defectives,  and  in  such 
a  way  tiiat  a  comparison  with  the  general  run  of  people  is  possible. 
ne  results  of  such  tests  will,  I  think,  throw  some  additional  light 
fqxm  the  p^chology  of  mental  defectives,  but  I  will  postpone  any 
fiirther  general  statements  until  I  have  given  the  facts  themselves. 

S  5.    Siaiement  and  Discussion  of  the  Particular  Problems  of 

this  Research 

I  HAVE  sought  to  determincy  (1)  whether  the  mental  defects  of 
i£oti  are  equaled  by  the  bodily,  (2)  whether  idiots  form  a  separate 
Mpeoes  or  not,  and  (3)  whether  the  entire  mental  growth  is  retarded, 
fliat  is,  whether  there  is  a  lack  of  mental  capacity  all  around. 

The  decision  of  the  best  thinkers  in  this  field  as  to  the  first  and 
fbe  third  questions  is  pretty  clearly  shown  by  the  definitions  of 
idioey  quoted  earlier  in  this  report.  Physical  defects  are  so  closely  \ 
aaoeiated  with  mental  deficiency,  in  the  minds  of  some  writers,  that 
we  find  such  defects  mentioned  as  signs  of  idiocy.  ''It  is  frequently 
indicated  by  outward  physical  abnormalities  or  an  imperfect  general 
eonformation  of  the  body  with  usually  shortness  of  stature."  ''In 
the  majority  of  cases  there  will  be  found  to  exist  some  physical 
abnormality  or  blight  or  peculiarity  that  will  give  you  a  clue  to  the 
retarded  development  of  brain  and  mind."  "The  evidences  of  con- 
ititutional  weakness,  of  slow  growth,  inferior  size,  of  defects  in  the 
fonnation  of  palate,  teeth,  ears,  skull,  etc.,  are  associated  with  poor 
li^t  and  hearing  .  .  .  and  x>sychic  weakness  in  all  or  any  respects." 

2 
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''The  idiot,  commonly  dwarfed  and  undersized,  exhibits  those 
signs  of  physical  weakness  which  at  once  betray  mental  degenera- 
tion." 

''There  is  a  stunting  of  the  whole  physical  development;  the 
stature  is  undersized  or  even  dwarfish  .  .  .  the  special  senses,  espe- 
cially hearing,  are  blunted.  In  eighty  per  cent,  of  cases  the  so-called 
stigmata  of  degeneration  are  present  (Wildermuth),  viz.,  malforma- 
tion of  the  eyes,  mouth,  nose  and  especially  the  lines  of  the  face.*' 

G.  Tarbell  says  that  idiots  are  about  two  inches  shorter  and  nine 
pounds  lighter  on  the  average  than  ordinary  children  of  the  same 
age.  Dr.  Shuttleworth  agrees  with  him  in  his  general  conclusion 
that  in  physical  development  they  are  below  what  is  considered  as 
normal,  but  does  not  endorse  his  actual  figures.  On  the  whole,  then, 
the  tendency  is  to  consider  mental  defectives  as  ill  grown,  poorly 
developed  individuals. 

In  the  answer  to  the  second  question  noted,  by  far  the  wei^t  of 
opinion  is  on  the  affirmative  side  and  the  majority  of  writers  se^n 
to  take  it  for  granted  and  to  consider  the  contrary  opinion  not  worth 
discussion.  The  two  points  of  view  are  represented  by  the  following 
quotations : 

"As  the  scale  of  imbeciles  ascends,  it  is  found  that  the  conditioi 
is  evidenced  not  so  much  by  low  obtuseness  as  by  irregularity  o: 
intellectual  developments.      This  seems  to  make  the  difference  be 
tween  the  extreme  stupidity  of  the  lowest  of  the  healthy  and  th< 
highest  form  of  the  morbidly  depraved  type.  .  .  .  The  two  con 
ditions  do  not  merge  gradually  into  each  other."— Dr.  J.  B.  Tuk< 
"We  have  then  in  the  ascending  scale,  from  imbecility  upwards,  tfai 
irregularity  of  mental  conformation,  and  then  again  separated  as  b 
a  clear  line  the  uniformity  of  dullness  of  a  low  class  of  the  health 
type.  .  .  .  Belonging,  so  to  speak,  to  a  separate  series  is  the  lowei 
of  the  healthy— the  dullard.  "-iJcpor*  an  Physical  and  Mental  AffOk 
tians  af  Children- London. 

Sollier  would  go  still  further,  for  he  classifies  idiots  and  conside 
these  divisions  as  representing  entirely  distinct  and  independei 
classes.  He  believes  that  idiocy  is  a  symptom,  imbecility  a  diseac 
and  that  they  are  'entirely  distinct  and  different.' 

"The  high-grade  imbecile,  who  is  almost  normal,  while  dose 
approximating  the  backward  or  feebly-gifted  child,  yet  differs 
that  he  suffers  from  absolute  defect,  which  may  in  a  measure 
supplemented  by  strengthening  those  things  that  remain  to  him,  b 
which  can  never  be  wholly  supplied  or  restored.  His  defect  is  r 
only  limited  mental  capacity,  but  the  psychic  forces  are  wantii 
feeble  or  backward  in  quality.  .  .  .  The  feebly-gifted  or  backwa 
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child  has  not  crossed  the  border  line  and  by  making  hajste  slowly  and 
avoiding  risk  of  over-stimulation  may  finally  reach  the  goal  open  to 
all  normal  minds,  though  by  a  more  circuitous  route.  He  is  not  a 
mental  defective,  but  a  mental  invalid,  so  to  speak."— Barr. 

The  opposite  opinion  is  held  by  the  following  writers: 

Segoin  says  that  more  than  30  per  cent,  of  idiots  and  imbeciles 
pot  under  suitable  instruction  have  been  taught  to  conform  to  social 
and  moral  law  and  rendered  capable  of  order,  of  good  feeling  and 
of  working  like  one  third  of  an  average  man.  More  than  40  per  cent. 
have  become  capable  of  ordinary  transactions  of  life  under  friendly 
control ;  of  understanding  moral  and  social  abstractions ;  and  of  work- 
ing like  two  thirds  of  a  man.  And  lastly,  from  25  to  30  per  cent. 
come  nearer  and  nearer  the  standard  of  manhood,  till  some  of  them 
will  defy  the  scrutiny  of  good  judges  when  compared  with  ordinary 
young  men  and  women* 

Ireland  writes:  ''Imbecile  children  have  a  complete  though  weak 
outline  of  all  the  human  faculties.  In  their  minds  every  species  of 
mental  operation  is  performed,  though  on  a  small  and  feeble  scale. 
They  may  have  poor  judgment,  a  weak  memory,  a  feeble  power  of 
eomparison,  a  beggarly  imagination,  a  fitful  attention,  but  they  do 
posMss  judgment,  memory,  comparison,  imagination  and  attention 
in  varying  though  in  meager  proportions,  and  all  these  can  be  edu- 
cated and  increased  by  exercise." 

Qalton  says:  ''Analogy  clearly  shows  there  must  be  a  fairly  con- 
itant  average  mental  capacity  in  the  inhabitants  of  the  British  Isles, 
and  that  deviations  from  that  average— upwards  towards  genius  and 
downwards  towards  stupidity— must  follow  the  law  that  governs 
deviations  from  all  true  averages." 

According  to  his  estimates  there  are  250  eminent  men  to  every^ 
million  and  280  idiots  to  every  million  of  population  in  Qreat  Britain, 
and  80  he  concludes,  "Eminently  gifted  men  are  raised  as  fduch 
above  mediocrity  as  idiots  are  depressed  below  it." 

Thomdike  writes:  "The  ordinary  usage  of  language  tempts  us 
to  think  that  children  can  be  divided  sharply  into  normal  and  ab- 
normal, or  into  hearing  and  deaf,  or  into  healthy  and  hysterical; 
but  ordinary  observation  should  teach  us  that  within  the  human 
q>ecies  sharp  lines  of  distinction  rarely  correspond  to  reality.  Thus 
we  know  that  children  do  not  form  these  separate  groups,  the  bright, 
the  ordinary,  and  the  dull,  but  there  are  a  very  few  bright,  others 
less  so,  others  still  less  so,  others  still  less,  until  we  reach  the 
lowest  idiots  by  a  gradual  passage  along  the  scale  of  intellect."  Here 
we  have  the  two  points  of  view,  one  which  says  that  the  idiot  is  one 
apart  by  himself,  belonging  to  a  special  species ;  and  the  other  which 
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holds  that  the  mental  defective  simply  falls  at  the  extreme  of  the 
low  end  of  normal  frequency  of  distribution,  that  the  idiot  occupies 
something  of  the  same  position  as  the  genius  does,  only  at  the  other 
end  of  the  scale  of  human  intelligence. 

As  to  the  third  question,  the  idiot  has  certainly  been  considered 
as  an  individual  in  whom  mental  capacity  in  all  directions  is  lack- 
ing. The  phrases,  'arrested  mental  development,'  'mental  enfeeble- 
ment,'  'arrested  development  of  the  intellectual  faculties,'  are  scat- 
tered rather  indiscriminately  through  the  books  dealing  with  this 
subject  Greneral  mental  deficiency  seems  to  be  the  acknowledged 
characteristic  of  the  intellectual  nature  of  the  idiot.  "Typically  the 
feeble-minded  child  is  weak  on  all  sides— weak  in  perception,  atten- 
tion, memory,  in  power  over  number  and  language,  in  combinajdon, 
in  judgment,  in  mental  endurance,  and  no  less  defective  in  touch,  in 
hand  power,  in  general  bodily  activity  and  constitutional  vigor." 

"This  form  of  defective  mental  development  is  characterized  by 
a  moderate  degree  of  mental  iricapacity,  which  is  however  of  equal 
prominence  on  all  sides  of  the  mental  life;  it  may,  however,  involve 
chiefly  the  moral  field,  when  it  is  sometimes  called  moral  imbecility. 
.  .  .  Idiocy  is  characterized  by  a  more  profound  degree  of  mental 
incapacity  than  imbecility."— Defendorf. 

"A  child,  the  feeble-minded  must  ever  be  by  comparison  and  in 
competition  with  normal  people,  but  even  a  child  may  be  brought  tc 
fill  acceptably  a  life  of  service  in  his  simple  sphere,  however  limited; 
and  in  that,  by  constant  exercise,  feeble  power  may  be  raised  to  iti 
maximum  point  and  kept  there  possibly  for  some  years."— Barr. 

"In  idiots  the  weakness  is  general  and  involves  the  whole  mind.' 
The  work  which  has  lately  been  done  on  the  correlation  of  menta 
abilities  in  normal  individuals  might  tend  to  make  us  feel  a  littl 
sceptidd  as  to  this  point  of  view.  However,  as  has  been  already 
stated,  practically  nothing  has  been  done  that  can  be  pointed  to  as  i 
basis  for  the  affirmation  or  negation  of  such  statements  as  those  ju8 
quoted. 

It  was  then  to  find  some  reliable  answers  to  these  three  question) 
about  which  opinions  differ  so  materially,  that  this  investigation  W8 
undertaken. 

§  6.    Description  of  the  Tests 

Measurements  were  taken  of  the  following  mental  and  physics 
traits: 

Mental  Traits.  Efficiency  of  perception  (1  and  2) ;  memory  < 
unrelated  ideas  (4) ;  memory  of  related  ideas  (3  and  14) ;  ability  i 
the  formation  of  abstract  ideas  (5) ;  ability  to  appreciate  relatioi 
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dups  and  to  control  associations  (6) ;  perception  of  weight  (13) ; 
motor  control  (11  and  12). 

Pkyicd  Traita.  Reigbt  (7) ;  weight  (8) ;  pulse  (9) ;  temperar 
tore  (10). 

In  describing  the  exact  nature  of  these  measurements  I  shall  for 
eonyenienee  divide  them  into  those  obtained  from  whole  classes  simul- 
taneously and  those  obtained  from  one  individual  at  a  time. 

CUus  TetU: 

1.  Efficiency  of  perception  (rate  and  accuracy  combined) :  Mark- 
ing A'a 

OTKFIUDBHTiGD^CDIxXMRPJ^GQZT^CVXOWLYX 

W^BTHJJ^NEEF^iMEXXcBSVSKJ^PHANKNPKXzP 

YBQXQBlLXJUDF0IMWZSs^UCGVJl^0J|iMXYDYA4ZJDAL 

jXcinevbg^ophXbpvejctqzApjleiqwn^rbui^s 

SNZMW^UMtWHlciXHXQ^XTDPUTYGSKGRKVLGKIM 
FUOFXXKYPGTMBLYZIjJi^VJ^Ui^CXDTVDACJSIUPMO 

txwa^qej^eh^opxzwcaibbbznsoqaqlmdgusgb 

akn«ju»lpm4ht0^klnvfi^4ehnpwib4yaqrk 

updsha^qgghtn^mzj^qgmtpnurqnxijeowycrejd 

uoljcc^kszauaferfawafzawxbM^vhJ^j^tju) 

kvstvnj^lilj^oxysjuovyivpmpsdnlkeqj^ojle 

GJ^QTEMPJ\ZNTffiXGAIMRUS^WZi^ZWX4MXBDXAJZ 
ECNABAHGDVSVFTCmYKUKCrWi^RWHTQT^JUU.OH 

Via.  1. 


GAAQYEMPAZNTIBXGAIMRUSAWZAZWXAMXBDXAJZ 
ECNABAHGDVSVFTCLAYKUKCWAFRWHTQYAFAAAOH 
UOUCCAKSZAUAFERFAWAFZAWXBAAAVHAMBATAD 
KVSTVNAPLILAOXYSJUOVYIVPAAPSDNLKRQAAOJLB 
AKNAAPLPA  A  AHYOAEKLNVFARJAEHNPWIBAYAQRK 
UPDSHAAQGGHTAMZAQGMTPNURQNXIJEOWYCREJD 
TXWAMQEAKHAOPXZWCAIRBRZNSOQAQLMDGUSGB 
FUOPAAKYFGTMBLYZIJAAVAUAACXDTVDACJSIUFMO 
SNZMWAAAWHACAXHXQAXTDPUTYGSKGRKVLGKIM 
JACINEVBGAOPHARPVEJCTQZAPJLEIQWNAHRBUIAS 
YRQAQEAXJUDFOIMWZSAUCGVAOABMAYDYAAZJDAL 
OYKFIUDBHTAGDAACDIXAMRPAQQZTAACVAOWLYX 
WABBTHJJANEEFAAMEAACBSVSKALLPHANRNPKAZP 

Fia.  2. 
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Fig.  1  was  given  out  face  downward.  After  I  had  ascertained 
that  each  child  could  recognize  capital  A,  they  were  told  that  they 
were  to  mark  the  capital  A's  on  the  paper,  working  as  fast  as  they 
could.  At  the  word  of  command  the  papers  were  turned  over  and 
marking  began.  At  the  expiration  of  60  seconds,  papers  were  turned 
over,  names  written  and  papers  collected  immediately.  The  same 
method  was  followed  with  all  similar  tests.  This  test  was  repeated 
a  day  or  two  later,  Fig.  2  being  used  for  the  purpose  (16). 

2.  BflSciency  of  perception  (rate  and  accuracy  combined) :  Mark- 
ing words  containing  both  a  and  t. 

A. 

Dire  tengo  antipatia  senores;  esto  seria  necedad,  porque  hombre 
vale  siempre  tanto  como  otro  hombre.  Todas  clases  hombres  merito; 
resumidas  cuentas,  sulpa  suya  vizxonde;  pero  dire  sobrina  puede 
contar  dote  viente  cinco  duros  menos,  tengo  apartado ;  pardiez  tamado 
trabajo  atesorar-los  para  enriquecer  estrano.  Vizconde  rico.  Mios, 
quiero  ganado  sudor  frente  saiga  f amilia ;  suyo,  pertenence,  tendran* 
Conozco  marido  pueda  convenirle  Isabel:  Carlos,  sobrino.  Dondc 
muchacho  honrado,  mejor  indole,  juicioso,  valiente  t  Quieras  sobrina 
and  23  lines  more  of  the  same  general  sort 

Fig.  3. 

Fig.  3  was  given  out  face  downward.  The  children  were  tol( 
to  mark  each  word  containing  both  of  the  letters  a  and  t.  In  tw( 
schools  the  work  required  was  illustrated  by  samples  put  upon  th< 
blackboard.  In  the  third  this  was  not  possible.  Two  tests  wer 
given  in  this  experiment,  a  similar  paper  being  given  upon  a  subsc 
quent  day  (2  6).     Time  allowed,  2  minutes.  ^ 

3.  Memory  of  related  words,  2  tests. 


river  school 

water  teacher 

brook  book 

flow  desk 

ice  pen 

cold  read 

winter  write 

snow  add 

sled  spell 

skate  word 
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The  ten  words  in  colnmn  'a'  were  read,  the  reading  taking  abont 
7  fleeonds,  and  then  the  children  were  required  to  write  all  remem- 
bered. As  some  of  the  children  wrote  very  poorly  or  not  at  all,  the 
writing  was  done  for  them  by  myself  and  an  assistant.  Of  course 
we  put  down  exactly  what  was  given  by  the  children.  The  words  in 
eohunn  'b'  were  given  in  the  same  way.     No  time  limit. 

4.  Memory  of  unrelated  words,  2  trials. 

a.  ^ 

red  long 

dog  green 

buy  arm 

day  inch 

never  dress 

sing  run 

boy  true 

sick  knife 

tree  break 

can  friend 

Same  method  as  in  No.  3. 

5.  Ability  in  the  formation  of  abstract  notions.     Noun  test. 

book  she 

read  desk 

one  black 

hat  good 

doll  stone 

play  ring 

if  dress 

cup  run 

ball  ^  dish 

The  children  were  told  to  mark  every  word  that  was  the  name  of 
a  thing.  In  order  to  make  sure  that  the  directions  were  understood, 
they  were  first  asked  whether  or  not  they  would  mark  the  following 
words :  book,  play  and  school.     There  was  no  time  limit  for  this  test. 

6.  Ability  to  appreciate  relationships  and  to  control  associations, 
measured  by  the  three  following  tests: 
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A.  Opposite  test: 

L 
bad 
inside 
slow 
short 
Uttle 
soft 
black 
dark 
sad 
true 
dislike 
poor 
well 
sorry 
thick 
fuU 
peace 
few 
below 
enemy 


n. 

good 

outside 

quick 

taU 

big 

loud 

white 

light 

happy 

false 

like 

rich 

sick 

glad 

thin 

empty 

war 

many 

above 

friend 


The  children  were  told  they  were  to  write  beside  each  wop 
Word  that  meant  just  the  opposite  to  it,—  meant  *  just  what  the  w 
you  see  does  not  mean.'  Correct  answers  were  first  elicited  to 
following  examples:  bad,  long  and  welL  In  the  second  test,  wl 
was  given  on  a  subsequent  day,  no  samples  were  given.  Tim^ 
seconds. 

B.  Part-whole  test. 


door 

pillow 

letter 

leaf 

button 


nose 

cover 

page 

engine 

glass 


The  directions  here  were  to  write  beside  each  word  the  nami 
that  whole  thing  of  which  the  given  word  is  a  part.  Examples  gi 
were  the  words  nose  (face),  button  (dress,  etc.),  room  (house,  at 
No  time  limit. 
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C.  (SeniiB-species  test 

book  dish 

tree  boat 

room  game 

tqy  plant 

name  fish 


?5 


The  directions  were  to  write  down  the  name  of  some  particular 
thing,  the  class  name  of  which  is  given.  The  words  used  as  examples 
were  name  (John,  etc.),  dish  (cup,  etc.),  tree  (oak,  etc.).  No  time 
limit 

Individual  Tests: 

7.  Height     Taken  standing  in  their  shoes. 

8.  Weight     Taken  in  ordinary  clothing. 

9.  Pulse. 

10.  Temperature.  Taken  at  the  mouth  before  and  after  the  fol- 
lowing series  of  tests. 

11.  Accuracy  of  movement 


Fio.  4.    Maze  Test. 


The  children  were  told  to  draw  a  line  between  the  two  lines  of 
the  maze  in  Fig.  4  without  touching  either  and  to  work  as  fast  as 
they  could.  The  lines  were  2  mm.  apart,  the  entire  maze  being 
125  mm.  by  106  mm.  Two  tests  were  given  for  a  time  limit  for  each 
of  2  minutes. 

12.  Test  of  form  perception  and  rate  of  movement. 

A  board  42.5  cm.  by  30.5  cm.  and  2  cm.  thick  had  holes  of  the 
shapes  shown  in  Fig.  5  cut  in  it  to  a  depth  of  8  mm.  Blocks  pro- 
yided  with  convenient  handles  and  fitting  snugly  into  these  holes  were 
placed  beside  the  board.     The  child  was  told  to  fit  each  block  into 
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its  own  proper  hole  as  fast  as  possible,  after  having  watched  it  d< 
onoe.  A  second  trial  was  allowed  after  a  considerable  interval.  1 
time  taken  was  noted  in  seconds. 

O    A    ^ 


O 
0 


o 


o 


D 


Fio.  5.    The  Block  Test. 


13.  Test  of  perception  of  weight. 

a.  A  wooden  box  containing  shot  and  weighing  100  gms.  i 
taken  as  the  standard  and  the  child  was  told  to  fill  a  similar  em] 
box  with  shot  until  the  two  boxes  weighed  alike.  Two  trials  wi 
made. 

b.  In  the  other  part  of  this  test  the  second  box  was  filled  w: 
shot  and  the  child  was  required  to  take  out  shot  until  the  weight 
the  two  were  equal.     Here  also  two  trials  were  given. 

14.  Semilogical  memory.  Tested  by  giving  the  following  aim] 
dictations : 

a.  I  have  one  head,  two  eyes,  two  hands  and  ten  fingers. 

b.  I  sit  in  my  seat     I  read  from  a  book.     I  write  with  a  peni 

c.  One  and  two  are  three.  Three  and  four  are  seven.  Five  m 
six  are  more  than  ten. 

d.  In  the  morning  I  go  to  school.  After  school  I  play.  At  ni| 
I  go  to  bed. 

Each  of  the  four  dictations  was  read  slowly  once  and  after  ei 
reading  the  child  was  required  to  write  all  he  could  remember. 

15.  The  class  tests  numbered  5  and  6A  were  repeated  with  t 
individual  children,  the  differences  in  the  administration  being  Hi 
in  this  case  there  was  no  time  limit  and  that  each  child  received  i 
necessary  assistance  as  to  the  spelling  of  words,  etc. 

The  tests  were  given  in  the  School  for  the  Feeble-Minded 
Waverley,  Mass.,  the  Institution  for  the  Feeble-Minded  at  Lakevfl 
Conn.,  and  in  the  classes  for  defectives  in  one  of  the  New  To 
public  schools.     The  total  number  of  children  tested  in  any  tr( 
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was  one  hnndred  and  fifty-seven,  the  majority  being  between  eight 
and  sixteen  years  of  age. 

The  class  tests  were  given  to  all  the  'school  cases'  in  the  institu- 
tions save  those  in  the  kindergarten,  that  is,  to  all  those  children  who 
were  considered  bright  enough  to  gain  any  good  from  definite  in- 
struction and  so  were  sent  to  the  school  of  the  institution.  From 
among  these  'school  cases'  the  brightest  children  were  selected  and 
were  given  the  individual  tests  as  well.  In  the  New  York  school 
practically  all  the  children  in  the  special  classes  took  both  sets  of 
tests. 

The  tests  were  given  in  exactly  the  same  way  each  time,  written 
directions  being  memorized  and  repeated  verbatim  on  each  occasion 
of  testing,  thus  eliminating  possibilities  of  error  in  results  due  to 
differences  in  directions.  Special  care  was  given  to  this  side  of  the 
work,  as  in  a  former  test  one  class  of  children  did  half  as  well  again 
as  another  class  of  equal  grade  because  in  the  two  classes  there  had 
been  a  slight  difference  in  the  giving  out  of  the  directions. 

§  7.    Probable  Sources  of  Error 

AiiTHOXJGH  all  i>08sible  care  was  taken  to  eliminate  the  possibilities 
of  error  from  the  experiments  (1)  by  selecting  such  tests  as  were 
not  too  far  above  the  capabilities  of  the  feeble-minded  as  to  yield  no 
result  and  yet  not  so  far  below  the  ability  of  normal  children  as  to 
yield  perfect  scores,  and  (2)  by  having  the  conditions  of  the  test  as 
nearly  alike  in  all  cases  as  possible;  yet  there  were  several  occur- 
rences which  may  be  sources  of  error  and  as  such  should  be  noted.  ^ 

1.  The  a-t  test  did  not  always  measure  eflSciency  of  perception  in 
the  defective  children  because  of  their  inability  to  understand  the 
directions.  Out  of  68  feeble-minded  children,  28,  or  41  per  cent., 
misunderstood  the  directions  and  either  marked  the  words  containing 
either  a  or  t,  or  marked  the  letters  a  and  t.  Among  159  normal 
children  under  twelve  years  of  age  only  13,  or  roughly  8  per  cent., 
misunderstood.  Of  course  the  fact  that  the  defective  children  failed 
to  do  the  test  as  required  tells  us  something  about  their  general  men- 
tality and  ability  to  understand  simple  directions,  but  as  a  test  of 
efficiency  of  perception  I  consider  it  too  subject  to  ambiguity  to  be 
of  general  service. 

2.  Because  of  physical  deformities  and  lack  of  training  many  of 
the  children  wrote  very  slowly  and  laboriously  and  some  could  not 
write  legibly  at  all,  so  that  often  the  writing  had  to  be  done  for 
them.*^  In  the  tests  for  memory  of  words  and  the  dictation,  this  fact 
offers  a  source  of  error,  for  the  child  who  received  assistance  first 
had  of  course  a  very  much  greater  chance  of  remembering  more  and 
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remembering  correctly  than  the  one  reached  second  or  third.  This 
difficulty  was  partially  obviated  by  the  fact  that  we  did  not  assist 
the  same  child  first  every  time.  As  there  were  four  sets  of  words  in 
the  memory  test  and  four  simple  dictations  we  had  the  opportunity 
of  scattering  the  help  so  that  the  result  is  as  fair  as  possible. 

3.  Another  source  of  error  may  rest  in  the  diffiiculty  that  was 
found  in  the  6th  test  in  making  the  word  'opposite'  clear  to  the 
children.  In  the  class  tests  only  the  directions  noted  above  were 
given,  but  when  the  same  test  was  given  to  the  individual  chil- 
dren it  was  often  found  necessary  to  say,  'If  he  isn't  sick,  what 
is  het'  'This  is  long,  another  might  be  whatt'  etc.,  in  order  to  gain 
any  understanding  of  the  test.  It  might  be  claimed  that  this  was 
not  fair,  but  as  the  same  method  was  followed  with  all  the  childr^i 
tested,  both  normal  and  abnormal,  the  results  are  not  vitiated.  The 
test  in  this  case  was  of  the  ability  to  appreciate  relationships  and 
control  associates,  not  of  ability  to  understand  directions,  and  if  the 
directions  could  be  made  clear  by  any  means  it  was  legitimate  to 
adopt  those  means.  A  comparison  of  the  same  test  given  in  class 
when  no  such  assistance  was  given  with  the  one  given  to  the  children 
individually,  proves  that  a  great  part  of  the  deficiency  in  the  first 
was  due  to  simply  a  lack  of  understanding  of  the  fdirections. 

4.  In  several  instances  the  temperature  as  recorcled  is  not  reliable 
(all  such  cases  have,  therefore,  been  marked  with  an  asterisk).  Thii 
probable  error  is  due  to  the  fact  that  those  children  in  the  case  o: 
whom  the  doubt  is  felt,  were  mouth  breathers  and  consequently  wer 
not  able  to  keep  their  mouths  closed  during  the  two  minutes  of  th 
taking  of  the  temperature.  In  one  or  two  cases  the  children  sue 
ceeded  much  better  when  the  temperature  was  again  taken  at  tb 
close  of  the  hour. 

So  far  as  I  am  aware  these  are  the  only  noteworthy  sources  ( 
error.  No  one  of  them  is  large  enough  to  vitiate  the  results  in  ai 
way,  but  in  these  particulars  the  administration  of  the  tests  migl 
be  improved. 

§  8.    AciuaX  Marks  gained  by  the  Defectives  in  the  Different  Tet 

The  actual  results  from  these  tests,  t.  e.,  the  marks  gained 
each  child  in  each  measurement,  are  given  in  Tables  I.  to  V.  : 
elusive.^     Figures  in  italics  represent  records  of  boys,  and  the  oth* 
represent  girls.     An  'F'  in  any  record  means  that  the  individi 
failed  in  the  test  owing  to  inability  to  understand  the  requireme 

*The  tests  were  all  graded  by  the  same  person,  who  followed  a  defb 
standard  for  the  correctness  or  incorrectness  of  the  results  of  any  measurem 
The  keys  used  may  be  seen  in  Section  19. 
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or  for  some  other  reason.  An  F  may  mean  a  blank  paper,  or  it  may 
Bean  that  the  whole  thing  was  done  incorrectly.  For  instance,  in 
the  a-t  test  any  child  who  marked  all  the  individual  'a's'  and  't's' 
instead  of  the  words  containing  the  letters  a  and  t  was  marked  F. 
A  few  words  of  explanation  will  serve  to  make  the  tables  clear. 

Table  I.  The  first  column  designates  each  individual  by  a  num- 
ber—each child  retaining  the  same  number  throughout  the  tables,  so 
diat  the  dropping  of  a  number  means  that  that  person  did  not  take 
those  tests.  The  second  column  states  the  individual's  age  in  years 
and  months.  An  interrogation  point  means  that  only  the  year  and 
not  the  month  of  birth  could  be  ascertained.  The  third  column 
gives  the  height  of  the  children  in  centimeters.  The  fourth  column 
gives  the  weight— that  of  boys  being  given  in  kilograms  and  that  of 
the  girls  in  pounds.  The  fifth  column  gives  the  number  of  A's 
marind  in  sixty  seconds  in  test  la  and  the  sixth  column  the  number 
marked  in  the  same  time  in  test  15.  The  seventh  and  eighth  columns 
give  the  number  of  words  containing  a  and  t  marked  in  two  minutes 
in  tests  2a  and  26  respectively.  No.  20 's  record  reads:  age  13  years 
1  month,  height  144  cm.,  weight  95.4  lbs.  First  A  test  marked  35, 
leeond  A  test  marked  50,  failed  in  both  a-t  tests. 

Table  II.  The  first  column  gives  the  number  of  each  child.  The 
8ee<md  column  gives  the  number  of  nouns  marked  correctly,  and  the 
third  eolumn  the  number  of  mistakes  made  in  test  5.  The  fourth 
and  sixth  columns  state  the  number  of  words  remembered  in  tests 
4a  and  46,  and  the  fifth  and  seventh  columns  state  the  number  of 
words  put  down  as  remembered  which  had  not  been  read  in  those 
tests.  The  eighth  and  tenth,  the  ninth  and  eleventh  columns  show 
the  same  for  tests  3a  and  Zb. 

Table  III.  The  first  column— as  before.  The  second  column 
shows  the  number  of  words  to  which  an  'opposite'  was  correctly 
written  in  test  6AI.,  and  the  third  column  the  number  of  incorrect 
'opposites'  written  in  the  same  test.  The  fourth  and  fifth  columns 
show  the  same  results  for  test  6AII.  The  sixth  column  gives  the 
number  of  correctly  named  particulars  which  were  written  after  the 
class  names  in  test  6C,  and  the  seventh  column  the  number  incor- 
rectly named.  The  eighth  and  ninth  columns  state  the  same  results 
for  the  part-whole  test,  number  6B. 

Table  FV.  The  first  column— as  before.  The  second  column 
states  the  pulse  rate  for  one  minute.  The  third  and  fourth  colimms 
respectively  state  the  child's  temperature  in  degrees  and  tenths  of  a 
degree,  taken  before  and  after  an  hour's  mental  work.  The  fifth 
and  sixth  columns  state  the  number  of  seconds  taken  by  the  child  in 
two  trials  in  putting  the  blocks  in  their  places  in  test  12.     The  last 
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four  columns  tell  the  number  of  shot  too  many  or  too  few,  as  indi- 
cated by  the  signs,  put  into  the  box  in  four  successive  trials  in  test  13. 

Table  V.  The  first  column— as  before.  The  second  and  fourth 
columns  indicate  the  number  of  units  of  amount  covered  in  two  trials 
with  test  11.  The  third  and  fifth  columns  show  the  number  of 
touches  made  by  the  children  in  those  trials.  The  sixth,  seventh, 
eighth  and  ninth  columns  show  the  results  of  tests  6AI.  and  5  when 
repeated  with  the  individual  children  and  without  a  time  limit. 
The  last  four  columns  state  the  gradings  received  in  the  four  dicta- 
tions given  in  test  14. 

Note.—Nos.  51,  80,  82  and  94  were  considered  to  be  moral  idiots 
and  their  records  may  be  found  at  the  end  of  each  table.  These 
records  have  not  been  used  in  my  results,  for  as  there  is  some  dif- 
ference of  opinion  as  to  whether  these  idiots  are  intellectually  as 
well  as  morally  defective,  it  might  be  maintained  that  they  are  on  a 
different  intellectual  level  from  the  rest  of  the  defectives. 
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1 

0 
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66 
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S 

6 

0        1 

0 
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0        4 
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68 
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0        6 

0 

0 
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7 

1        6 
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1 
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8 

0 

S 

1        S 

1 
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4 

0        6 

2 

t 

2 

2 

It 

9 

0 

8 

1        7 

S 

2 

5 

2 

76 

8 

2 

S 

0       4 

0 

2 

2 

2 

74 

10 

0 

7 

0        6 

2 

1 

5 

1 

75 

6 

0 

1 

2 

0 

76 

4 

77 

6 

S 

1        6 

0 

2 

2 

1 

78 

7 

7 

1        7 

0 

0 

S 

s 

79 

10 

6 

0        7 

2 

t 

4 

2 

81 

10 

6 

0        7 

0 

0 

4 

I 

83 

10 

9 

1        9 

1 

8 

6 

1 

84 

6 

5 

0        4 

0 

1 

S 

0 

85 

9 

6 

0        6 

0 

1 

S 

0 

88 

5 

6 

0        5 

2 

0 

2 

2 

87 

F 

6 

0        6 

1 

1 

2 

2 

88 

8 

6 

0        7 

0 

2 

5 

0 

80 

7 

6 

1        6 

4 

6 

1 

s 

90 

F 

5 

0        6 

0 

1 

8 

2 

91 

10 

5 

0        S 

0 

2 

S 

0 

92 

9 

5 

0        5 

2 

2 

5 

0 

93 

F 

8 

3 

2 

2 

0 

95 

9 

96 

8 

97 

10 

98 

10 

7 

0        6 

0 

5 

1 

5 

1 

99 

100 

6 

S 

101 

F 

S 

0        6 

1 

S 

1 

2 

1 

102 

103 

F 

6 

0        7 

0 

4 

2 

2 

2 

104 

7 

2 

4 

1        2 

0 

4 

0 

2 

0 

106 

F 

3 

1        4 

1 

6 

1 

8 

0 

106 

107 

10 

0 

9 

0        7 

1 

7 

2 

7 

0 

108 

F 

5 

<>        4 

4 

S 

1 

6 

4 

109 

F 

110 

F 

111 

2 

2 

112 

F 

1 

1         3 

0 

3 

0 

3 

0 

113 

F 

6 

0        7 

1 

3 

3 

2 

0 

m 

F 

115 

9 

0 

4 

«        4 

1 

5 

2 

Nouns. 
R.        W. 

P 

10 

1 

S 

2 

6 

1 

€ 

S 

F 

7 

2 

6 

1 

10 

0 

10 

5 

P 

6 

5 

10 

5 

10 

2 

2.0 

1.0 

3.0 

0.0 

6.0 

1.0 

F 

Unielated  Woidi. 
R.        W.       R.       W. 

Memory. 

R. 

Related  Woids. 
W.      R.      W. 

6         0         6        0 

4 

3         4         1 

8         0         8         0 

6 

2         6         1 

S        0         1         0 

2 

0        2        0 

2        0        3        0 

3 

1         2         1 

115        0 

2 

1        S        1 

36  PSTOEOLOGT  OF  MENTALLY  DEFIOIBNT  OHILDBBN 


No. 

116 
117 
118 
119 
120 
121 
122 
123 

m 

125  60  6170                    6033 

126 

127  10        6  4        0        7        0                   6        0        3        0 

12S  7        2  7        2        8        1 

129  6        1  4        16        1 

130  10        0  9         0        6        0 

131  3         13        0 


5 

2 

6 

1 

6 

2 

2 

3 

8 

0 

6 

0 

3 

0 

2 

0 

4 

3 

4 

6 

2 

X 

2 

/ 

1 

1 

7 

1 

6 

0 

* 

1 

4 

1 

132  10        5  6  0  6  0 

1S9  F  S  0  4  1 

m  6        5  4  0  5  0 

195  10        5  10  0  8  0 

186  10        2  6  0  6  0 

137 

188  F 

Moral  ImheoUes 

51  10  8  0  2  0                  8       1 

80  10        1  6  2  6  2                  8        2        7        i 

82  10        2  6  0  6  1                  7        15} 

H  5  2  4  8                  8        0        8        { 


TABLE   in. 

No.  Oppofiteilflt              Oppoiitei  2nd.              Oenoi-Specief.                 Pmrt-Whol 

R      w.  r:      w.  r.      w.  r.         ^ 

1  6.5        .5  6.5        .5                   F                              9.0         1 

2  P 

3  F  2.0      6.0                  3.0       1.0                   F 

4  F  F 
6  F 
6 

7 

8  2.0  1.0  8.0  0.0  6.6  3.5  8.0 
9 

10  3.0      0.0                   F                             1.0      6.0                   F 


8.0 

0.0 

F 

F 

6.0 

0.0 

5.0 

0,0 

P 

11 

12 

13  6.0       1.0  6.0      0.0  F  F 

14  F  5.0      0.0  4.0       1.0  3.0 
16 

1A 


6.6 

3.5 

1.0 

6.0 

F 

4.0 

1.0 
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Mo. 

oy-u.^. 

Oppofltei2Qd. 

Geniu-Speeiet. 

Fan-Whole. 
B.           W. 

17 

4.0 

1.0 

6.0 

0.0 

4.0 

2.0 

2.0 

6.0 

18 

1.0 

0.0 

19 

20 

F 

3.0 

0.0 

F 

F 

21 

F 

F 

F 

F 

22 

23 

llJi 

^ 

12.0 

OJO 

2.0 

6.0 

9.0 

1.0 

24 

F 

10.0 

0.0 

F 

3.6 

6^ 

25 

2.0 

1.0 

26 

2.0 

0.0 

3.0 

0.0 

F 

1.0 

2.0 

27 

28 

F 

29 

30 

31 

F 

6.0 

0.0 

6.0 

1.0 

4.0 

0.0 

32 

2.5 

1.6 

5.0 

0.0 

0.0 

3.0 

2.0 

2.0 

33 

2.0 

0.0 

3.0 

0.0 

F 

3.0 

1.0 

34 

6.0 

1.0 

7.0 

1.0 

F 

3.0 

6.0 

3S 

10.0 

0.0 

12.0 

1.0 

10.0 

0.0 

6.0 

0.0 

38 

37 

38 

F 

5.0 

1.0 

F 

F 

30 

6.3 

1.7 

4.0 

1.0 

10.0 

0.0 

10.0 

2.0 

40 

41 

V 

F 

F 

F 

F 

43 

44 

3.0 

0.0 

1.0 

0.0 

6.0 

1.0 

2.0 

0.0 

45 

5.0 

0.0 

2.0 

0.0 

4^0 

0.0 

^6 

F 

2.0 

0.0 

F 

F 

47 

2.0 

0.0 

2.0 

0.0 

i^o 

2.0 

F 

4« 

2,0 

0.0 

2.0 

0.0 

1.0 

1.0 

S.0 

0.0 

49 

6.0 

0.0 

5.5 

.5 

i^o 

2.0 

4^0 

1.0 

50 

F 

F 

F 

F 

52 

F 

F 

F 

F 

55 

5.0 

0.0 

54 

1.5 

0.0 

1.5 

1.5 

1.0 

LO 

2.0 

0.0 

S5 

F 

1.0 

0.0 

F 

F 

56 

F 

F 

F 

F 

57 

F 

F 

F 

F 

58 

59 

2.0 

0.0 

5.5 

.5 

6.0 

0.0 

5.0 

0.0 

60 

S.0 

LO 

2.0 

2.0 

S.0 

2.0 

F 

61 

F 

F 

F 

F 

62 

5.0 

10 

5.5 

1^ 

1.0 

0.0 

9.5 

.5 

63 

2.0 

0.0 

1.0 

2.0 

S.O 

0.0 

6.0 

1.0 

64 

F 

3.0 

0.0 

4.0 

0.0 

9.0 

0.0 

65 

1.0 

1.0 

1.0 

0.0 

1.0 

0.0 

6.0 

2.0 

69 

2.0 

0.0 

F 

2.0 

0.0 

8.0 

1.0 

€7 

S.0 

1.0 

S.O 

1.0 

4^5 

S.5 

8.5 

1.5 
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Na 

<Y-l 

tesUt 
W. 

Oi>DQiitef2nd. 

R.       W. 

Piit-Wbole. 
R.           W. 

68 

3.0 

1.0 

4.0 

2.0 

7.0 

3.0 

5.5 

4.5 

69 

3.5 

0.0 

9.5 

.6 

9.0 

1.0 

9.5 

.5 

70 

2.5 

2.5 

4.0 

0.0 

2.0 

2.0 

6.0 

2,0 

71 

F 

LO 

2.0 

S.0 

0.0 

6.0 

9.0 

7t 

5,0 

1.0 

6.0 

1.0 

IOjO 

0.0 

10.0 

0.0 

75 

S.5 

.5 

5.0 

0.0 

4.S 

.5 

7.0 

1.0 

74 

4^0 

1.0 

2.5 

1.5 

5.5 

1.5 

75 

1.0 

0.0 

9.0 

0.0 

4.5 

.5 

76 

F 

F 

77 

2.0 

1.0 

1.0 

1.0 

2M 

.5 

1.0 

0.0 

78 

5.5 

1.5 

7.0 

1.0 

8.5 

L5 

9.5 

M 

79 

5.0 

0.0 

4.0 

6.0 

F 

8.0 

2.0 

81 

7.0 

1.0 

9.0 

0.0 

10.0 

0.0 

9.0 

1.0 

88 

7.5 

1.0 

4.5 

1.5 

9.0 

1.0 

10.0 

0.0 

84 

F 

S.0 

0.0 

4.0 

0.0 

5.0 

0.0 

85 

S.5 

.5 

S.5 

.5 

8.0 

0.0 

86 

2.0 

0.0 

S.0 

LO 

2,0 

2.0 

5.0 

4.0 

87 

S.0 

0.0 

*^ 

.5 

6.0 

0.0 

9.0 

1.0 

88 

7.6 

1.0 

9.0 

2.0 

8.0 

1.0 

7.5 

2.5 

89 

1.5 

0.0 

F 

6.5 

.5 

6.0 

4.0 

90 

2.0 

.5 

2.0 

0.0 

4.6 

.5 

6.0 

1.0 

91 

2.5 

j; 

1.5 

0.0 

7.0 

2.0 

8.5 

LS 

92 

4.0 

0.0 

4.0 

0.0 

8.0 

1.0 

7.0 

1.0 

93 

1.0 

0.0 

F 

8.0 

0.0 

8.5 

1.6 

96 

9.0 

1.0 

10.0 

0.0 

96 

1.5 

.5 

6.0 

0.0 

97 

4.0 

0.0 

8.5 

1.5 

98 

9.0 

0.0 

9.0 

0.0 

9.0 

1.0 

10.0 

0.0 

99 

100 

F 

F 

101 

F 

1.0 

0.0 

1.0 

1.0 

6.0 

2.0 

102 

103 

1.5 

1.0 

2.0 

0.0 

6.0 

2.0 

8.5 

1.6 

104 

1.0 

0.0 

F 

6.0 

0.0 

3.0 

2.0 

105 

1.& 

0.0 

F 

6.6 

.5 

3.0 

2.0 

106 

107 

6.0 

6.0 

7.5 

3.6 

9.5 

.6 

9.0 

0.0 

108 

2.0 

F 

2.0 

0.0 

S.0 

4.0 

109 

F 

5.0 

1.0 

110 

UO 

1.0 

111 

P 

P 

112 

.5 

1.5 

1.5 

1.6 

4.0 

0.0 

6.0 

2.0 

113 

1.6 

0.0 

1.0 

0.0 

6.6 

.5 

6.0 

1.0 

114 

F 

8.0 

2.0 

115 

1.5 

.5 

1.0 

2.0 

S.0 

S.0 

5.0 

2.0 

116 

3.0 

.5 

3.0 

2.0 

10.0 

0.0 

6.5 

3.6 

117 

118 

6.0 

1.5 

7.0 

2.0 

10.0 

0.0 

9.0 

1.0 

119 

F 

F 

F 

4.0 

0.0 

120 

1.5 

0.0 

1.0 

0.0 

5.0 

1.0 

6.5 

1.5 
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Itl 

in 
Its 
m 

125 
126 
127 

m 

129 
190 
131 
132 
135 

m 

1S5 
1S6 
137 
1S8 

51 
80 
8S 
9k 


OnxMltef  Ift 

F 
F 


2.6 


.5 

£ 

F 

2.6 

.6 

9.0 

M 

2.6 

2.6 

F 

2.0 

0.0 

9,0 

M 

S.0 

4^ 

1.0 

0.0 

tM 

.5 

9.0 

1.0 

9.0 

1.0 

tei2nd. 
W. 


4.0       2.0 


GenDt>8pecleB, 


Part-Whole. 


2.0 
F 


0.0 


4.0      0.0 


1J» 

1.6 

7.5 

.6 

2.0 

S.0 

9.0 

1.0 

3.0 

0.0 

3.0 

1.0 

16.0 

0.0 

10.0 

0.0 

F 

2.0 

6.0 

F 

F 

2.0 

0.0 

F 

1.0 

0.0 

HM 

.5 

9.0 

1.0 

7.0 

1.0 

8.5 
F 

1.5 

Moral  Imbeoilea 

1.0 

0.0 

F 

6M 

2.5 

5.0 

1.0 

6.5 

.5 

9.0 

0.0 

R. 
S.0 


6.6 


W. 
*>0 


3.5 


9.0 

0.0 

8.0 

2.0 

8.0 

1.0 

L0.0 

0.0 

9.0 

0.0 

4.0 

6.0 

4.0 

S.0 

5.0 

2.0 

9.5 

M 

9.5 

.5 

1.0 

0.0 

8.0 

2.0 

5.0 

1.0 

5.0 

5.0 

TABLE 

IV. 

Ka 

PolM. 

Tempentare. 
lit.        2iid. 

Block  Tett 
1st     2nd. 
lec.     lec. 

1 

108 

98.6 

99.0 

25 

23 

2 

102 

30 

23 

3 

112 

97.2 

97.8 

57 

33 

4 

96 

98.0 

98.6 

57 

48 

5 

120 

96.4 

98.2 

47 

40 

6 

72 

96.4 

95 

120 

7 

90 

96.2 

120 

140 

8 

126 

99.2 

98.2 

40 

23 

9 

96 

98.8 

98.4 

32 

45 

10 

96 

98.2 

98.8 

40 

28 

11 

114 

98.2 

96.6 

35 

34 

12 

120 

56 

61 

13 

96 

98.0 

98.8 

45 

27 

14 

108 

97.4 

98.4 

29 

27 

15 

108 

98.8 

98.6 

26 

45 

16 

80 

98.6 

98.4 

53 

35 

17 

96 

98.6 

99.0 

30 

30 

18 

102 

99.0 

98.4 

30 

60 

19 

102 

99.0 

90 

90 

20 

90 

99.0 

99.4 

21 

30 

21 

96 

97.2 

98.0 

54 

40 

22 

120 

57 

54 

lit 


Weight  Tett 

2Dd.       Srd. 

Bhot 


4th. 


+    6    .+   2    +11     +12 
F  F 

—  4+6+5+4 

—  6+1+5+5 


0           0 

+  15     +11 

F 

F 

+    3+2 

+    2+11 

+    5+5 

+    1—4 

+    1-1 

—   2    —   2 

+    9+6 

+   7+9 

F 

F 

—   3—4 

+    8+13 

+  13+9 

+  11     +11 

+  11+7 

+    3+10 

+    2+7 

+    6+10 

+  12+5 

+  .2     +    2 

+  16     +13 

+  '8     +    8 

F 

F 

—   6—7 

-1+1 

+    2           0 

+    9+13 

+  12+9 

-1+1 
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No. 

PulM. 

Temperature, 
ist.    2iid. 

Block  Tett 
1st  2iuL 
sec.  tec 

ist 

WelchtTert. 

2iid.   SnL 

shot. 

4th. 

23 

108 

06.6 

07.2 

47 

27 

+ 

2 

— 

2 

+  10 

+  8 

24 

06 

08.0 

00.0 

30 

28 

H- 

3 

+ 

8 

+  12 

+  5 

26 

00 

07.2 

06.4 

25 

25 

+  14 

+ 

0 

+  7 

+  8 

26 

120 

08.6 

08.4 

18 

20 

0 

— 

7 

+  1 

+  1 

27 

84 

08.4 

65 

40 

F 

F 

28 

00 

00.0 

00.2 

47 

30 

0 

+ 

7 

+  6 

+  6 

29 

06 

47 

26 

+ 

1 

0 

—  7 

—  5 

30 

100.0 

00.8 

31 

114 

00.0 

00.6 

40 

F 

F 

32 

08.4 

08.6 

33 

06 

00.4 

00.2 

25 

18 

— 

6 

— 

2 

—  1 

—  1 

34 

108 

08.4 

00.0 

80 

32 

H-12 

+ 

8 

+  0 

+  7 

35 

06 

07.6 

08.8 

37 

45 

— 

1 

+ 

6 

+  4 

+  4 

36 

06 

04.0 

30 

27 

F 

F 

37 

108 

08.4 

100.4 

27 

25 

+  11 

+ 

+  6 

+  2 

38 

108 

05.4 

00.8 

40 

24 

+ 

1 

— 

+  1 

0 

30 

120 

00.2 

00.6 

36 

32 

+ 

4 

+ 

+  8 

+  « 

40 

72 

08.8 

36 

26 

+ 

4 

— 

+  4 

—  1 

41 

06 

28 

20 

+  13 

+ 

+  12 

+  12 

42 

96 

96.2 

96.8 

54 

S4 

— 

5 

— 

+  4 

+  2 

43 

00 

08.2 

133 

82 

— 

6 

] 

? 

44 

112 

40 

32 

+ 

3 

— 

4 

+  4 

+  8 

45 

90 

96.0 

94^0 

140 

79 

+ 

8 

+ 

8 

—  2 

+  7 

46 

66 

96.4 

97.6 

SI 

22 

F 

F 

47 

84 

97.8 

99.2 

41 

21 

+ 

S 

+ 

9 

-  4 

+  « 

49 

96 

98.0 

97.2 

25 

22 

— 

2 

— 

2 

+  5 

+  5 

50 

114 

34 

46 

0 

— 

2 

+  21 

+  22 

6S 

90 

4S 

SS 

+ 

1 

+ 

S 

0 

+  1 

54 

84 

964 

964 

26 

26 

+ 

2 

— 

8 

+  s 

+  s 

55 

84 

98Ji 

98.6 

37 

25 

+ 

S 

+ 

S 

—  1 

+  s 

56 

72 

98.6 

98.8 

6S 

66 

— . 

14 

— . 

12 

+  s 

+  s 

58 

06 

36 

26 

+ 

7 

+ 

8 

+  13 

+  14 

59 

72 

97.2 

974 

57 

29 

— 

1 

+ 

S 

+  2 

+  2 

60 

78 

94Ji 

95.0 

8S 

88 

+ 

8 

+ 

6 

+  9 

+  9 

61 

78 

08.4 

08.6 

48 

31 

— 

6 

— 

3 

+  5 

—  2 

62 

86 

98.6 

99.2 

25 

18 

0 

— 

S 

+  4 

+  s 

6S 

90 

98.8 

984 

S2 

SI 

+ 

4 

0 

+  s 

+  2 

64 

08 

98.0 

98.2 

41 

27 

0 

0 
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0 
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TABLE  V. 

No. 

lit.        2ild. 
Ami.  TouchtiiL  Ami  Toochei. 

Opposite. 
Indivldaal. 
K.    W. 

Noun. 

IndlTidUAl. 

B.  W. 

Dietfttion. 
1st  2nd.  8rL  4tli. 

1 
2 
3 

24 

47 

21 

87 

12.0 

0.0 

0 

1 

8 

12 

0 

14 

30 

04 

20 

87 

4.0 

6.0 

F 

6 

7 

15 

15 

4 

10 

53 

30 

00 

F 

5 

20 

h 

24 

66 

F 

F 

4 

3 

4 

8 

6 

4 

14 

F 

7 

4 

.10 

F 

8 

16 

24 

14 

13 

5.0 

1.0 

6 

0 

8 

10 

6 

14 

0 

20 

26 

30 

55 

F 

8 

0 

0 

11 

4 

14 

10 

30 

62 

30 

58 

F 

7 

2 

3 

4 

2 

1 

11 

30 

46 

30 

66 

2.0 

2.0 

6 

0 

4 

11 

6 

10 

12 

30 

110 

21 

82 

2 

1 

13 

30 

70 

30 

78 

7.0 

3.0 

F 

6 

6 

8 

14 

14 

27 

52 

30 

66 

10.0 

4.0 

6 

0 

8 

11 

11 

15 

15 

16 

21 

26 

53 

F 

F 

8 

6 

6 

12 

16 

18 

37 

30 

88 

F 

F 

2 

7 

10 

14 

17 

15 

26 

20 

26 

14.0 

2.0 

0 

0 

8 

8 

15 

12 

18 

30 

51 

23 

32 

4.0 

1.0 

3 

0 

4 

7 

2 

10 

10 

15 

61 

20 

30 

05 

30 

110 

6.5 

2.5 

F 

4 

7 

2 

7 

21 

13 

40 

17 

66 

3.5 

4.5 

10 

3 

7 

11 

6 

16 

22 

22 

76 

26 

80 

4 

4 

23 

21 

24 

30 

48 

16.5 

3.5 

10 

0 

10 

11 

0 

14 

24 

12 

0 

12 

5 

10.0 

10.0 

F 

8 

10 

11 

12 

25 

14 

14 

30 

100 

3.0 

2.0 
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0 

0 

4 

10 

7 

26 

18 

5 

10 

0 

10.0 

0.0 

10 

0 

8 

8 

17 

14 

27 

15 

46 

28 

16 

43 

20 

56 

F 

5 
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4 

3 

8 

7 

20 

14 

48 

30 

14 

6 

22 

43 

1.0 

1.0 

3 

1 

4 

2 

6 

2 

31 

30 

123 

14 

31 

11.5 

6.5 

10 

4 

8 

6 

8 

14 

32 

24 

43 

30 

73 

14.5 

3.5 
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10 

12 
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33 
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5.6 

10 

0 

7 

11 

11 

14 

36 

25 

46 

37 

22 

44 

30 

76 

14.5 

3.5 

0 

0 

8 

10 

8 

14 

38 

30 

08 

21 

45 
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§  9.    Standard  Marks  Gained  from  Ordinary  Children  in  the  Tests 

Wb  have  now  a  series  of  exact  measurements  of  these  defectives 
in  a  number  of  traits.  Of  course  the  very  fact  that  in  some  of  the 
mental  tests  the  idiots  showed  some  ability  and  in  others  failed 
utterly  to  sense  the  situation,  is  of  itself  interesting.  However,  the 
main  value  of  such  measurements  will  lie  in  a  comparison  of  the 
standing  of  the  idiots  with  that  reached  by  children  in  general  in 
the  same  tests.  In  order  to  make  this  comparison  these  measure- 
ments were  obtained  from  ordinary  individuals  to  the  number  of 
several  hundred.  The  testing  was  not  all  done  by  myself.  Professor 
Thomdike  gave  tests  1,  2,  3,  4  and  11 ;  but  as  he  gave  them  in  prac- 
tically the  same  way  that  I  had  given  them  to  the  defectives,  the 
results  are  comparable.  Tests  5,  6,  13  and  14  I  gave  to  normal  chil- 
dren myself.  The  standards  for  the  physical  measurements  I  ob- 
tained from  other  sources  as  shown  later. 

In  finding  the  central  tendency  for  ordinary  children  in  these 
various  measurements  the  median  was  used  in  each  case.  The 
medians,  with  their  probable  errors  of  distribution,  were  obtained 
from  the  actual  records  of  the  children  for  intervals  a  year  apart 
and  the  differences  divided  proportionally  between  the  intervening 
eleven  months,  so  that  a  scale  was  formed  for  each  measurement 
showing  the  ability  of  children  of  any  month-age  in  terms  of  median 
and  probable  error.  In  measurements  of  height,  weight,  pulse, 
memory  and  eflSciency  of  perception  the  records  of  the  boys  and  the 
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girb  hAd  to  be  kept  separate  because  of  the  differences  due  to  sex. 
Separate  standards  were  thus  made  in  some  cases  for  sex  as  well  as 
for  age.  But  in  the  remainder  of  the  tests,  the  ability  of  the  two 
sexes  being  approximately  equal,  the  same  standard  was  used.^  In 
some  of  the  measurements  I  could  not  obtain  enough  records  from 
school  children  over  thirteen  to  make  the  standards  of  median  and 
probable  error  reliable.  In  those  cases,  as  I  had  records  from  adults, 
I  followed  the  general  trend  of  the  curve  and  filled  in  the  standards 
for  the  ages  fourteen,  fifteen  and  sixteen.  This  is  especially  true 
of  the  intelligence  tests. 

The  standards  for  the  various  measurements  are  given  in  Tables 
VL  to  XXTT.  inclusive.  Those  in  italics  represent  the  standards  for 
boys  and  those  in  Roman  for  girls.  In  most  cases  the  medians  are 
given  for  intervals  of  half  a  year;  the  others  may  be  obtained  by 
interpolation. 

Standards 
TABLE  YI.— HnoHT.  TABLE  VII.— WmoHT. 


(Inee 

niiiDeten 

from  the  measure- 

mente  of  F.  Boas.') 

U^ 

Oirli. 
Med.     P.  E. 

Boyi. 
Med.    P.E. 

7^ 

116.1 

3.4 

n6.8 

SJ5 

8jO 

118.0 

3.6 

119.6 

SM 

8^ 

121.4 

3.7 

IZZJB 

9.6 

M 

123.8 

3.7 

m,8 

S.6 

9j6 

126.3 

3.8 

irtj 

S.7 

10^ 

128.0 

4.4 

129.6 

S.8 

10.6 

131i» 

i.9 

1S2.0 

S.9 

11.0 

134.2 

i.4 

m.i 

U 

11.6 

136.9 

4.0 

1S64 

4i? 

12.0 

139.8 

4.3 

1S8.6 

i^s 

12.5 

142.8 

4.5 

U1.0 

4.5 

U.0 

146.0 

4.8 

14S.7 

4.8 

IZJS 

148.9 

5.0 

U6.S 

5.1 

14.0 

151.3 

4.7 

149.5 

5.5 

14.5 

153.6 

4.4 

152.7 

5.7 

Ui) 

155.1 

4.1 

156.4 

5.7 

16.5 

156.6 

4.0 

159.9 

5.8 

\M 

157.4 

3.9 

162.5 

54 

16.5 

158.1 

3.8 

165J 

5.1 

17.0 

158.6 

3.8 

167.1 

19 

17.6 

159.1 

3.8 

169.1 

4.5 

18.0 

159.2 

3.8 

170S 

4.« 

'Beport  of  U.  S.  Commissioner 
of  Edneatioii  for  1896-7,  Vol.  II., 
pp.  1541  ft. 


(Oirls  in 

pounds  from  Bowditch.' 

Boys  in 

kilograms  from  Boas.') 

Girli. 

Boys. 

Age. 

Med.    P.  E. 

Med.  P.E. 

8.0 

49.6     3.5 

24.0    S.6 

8.5 

52.0    3.5 

24.5    S.6 

9.0 

65.0    3.5 

25.8    S.6 

9.5 

59.2     3.5 

27.0    S.6 

10.0 

62.0    3.5 

28.8    S.6 

10.5 

65.3    3.6 

S0.6    3.7 

11.0 

66.6     3.5 

S1.0    S.5 

11.5 

68.8    3.2 

S1.7    S.S 

12.0 

73.3     3.3 

SS.I    S4 

12.5 

78.3     3.5 

34.7    S.6 

13.0 

83.0     4.2 

S6.7    4'S 

13.5 

88.7     4.8 

S8.8    49 

14.0 

93.6    5.0 

41.2    5.1 

14.6 

98.4    5.2 

4S.5    5.S 

15.0 

102.4    5.0 

46.2    54 

15.5 

106.1     4.8 

49.0    5.5 

16.0 

109.0    5.1 

5L9    5.5 

16.5 

112.0    5.4 

54.5    5.5 

17.0 

114.2     5.6 

56.S    5.7 

17.5 

115.5    6.8 

58.2    5.9 

18.0 

115.4    5.8 

59.0    5S 

*  Measurements  of  Boston  school 

children. 

*  Unpublished. 

^BdMoaiional  P9ychology,  E.  L.  Thomdike,  page  117. 
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TABLE  Vin. 

Weioht  Test— 100  Gsakb. 

(Median  for  9  yean  obtained  from 

36  cases,  the  medians  for  other 

years 

adapted  from 
bert's  tests.') 

GU- 

Age. 

Boyg  and  Qlrli. 
Med. 

P.E. 

8.0 

13.0 

3.0 

8.6 

12.6 

3.0 

9.0 

12.2 

3.0 

9.6 

11.7 

3.0 

10.0 

11.0 

3.0 

10.6 

10.7 

2.9 

11.0 

10.6 

2.8 

11.6 

10.0 

2.7 

12.0 

9.6 

2.6 

12.6 

8.7 

2.6 

13.0 

7.8 

2.6 

13.6 

7.9 

2.6 

UJ5 

8.0 

2.6 

14.6 

8.2 

2.3 

16.0 

8.4 

1.8 

16.6 

8.4 

1.8 

16.0 

8.4 

1.8 

16.6 

7.9 

2.0 

Adults 

6.4 

1.2 

*  Tale  Studies,  Vol.  1,  pp.  80-87. 


TABLE    X.— Pulse. 
(600  cases.) 

Age.       Med.  P.E. 

Girls  up  to         16        96.6  8.6 

16        93.0  8.2 

Adults                             88.0  8.0 

Boya  up  to        IS        95,0  84 

U        88.6  6£ 

16        85,0  8.0 

16        84,6  6Ji 

Adulte                            90.0  10.0 

Tempebatube. 

(434  cases.) 

Age.        Med.  P.E. 

Children  up  to    16        98.8  .8 

Adults                             98.6  1.0 


DBFIOIBNT  OHILDBBN 

T 

TABLE  IX.— Maze  Test. 


(324  cases.) 

Boyi  and  Oirli. 

Amoant.  Touctaci. 

9  years. 

6-10 

11-14  4.0 

16-18  18.0 

19-22  20.0 

10  and  11  years. 

6-10  1.0 

11-14  6.0 

16-18  13.6 

19-22  26.0 

12  and  13  years. 

6-10  1.0 

11-14  8.6 

16-18  10.0 

19-22  13.0 

14  and  16  years. 

6-10  .5 

11-14  3.0 

16-18  8.6 

19-22  11.6 

Adults. 

6-10  4.6 

11-14  2.6 

16-18  6.6 

19-22  4.0 

22-28  18.0 

T 
TABLE    XI.— A  Test,  y 

(900  cases.) 

Glrlf.viUt  n*"        Boys. 
Age.  Med.    P.  E.  irS^*  ^  Med.  P.  BL 

8.0        30.0  4.6  rr.o  2J 

8.6           31.6    4.6  28Jt    2JL 

9.0            32.6    4.6  284    ^^ 

9.6            34.0    4.6  80,6    2.8 

10.0            36.0    6.4  Sft.S    SJ2 

10.6           38.6    6.1  84,1    S.6 

11.0            41.6    6.6  87  4    SS 

11.6            44.4    7.0  89J9    4J2 

12.0            46.9     7.3  41,8    44 

12.6           47.4    7.6  42.6    4^6 

13.0           48.8    7.4  48,9    4-S 

13.6           60.2    7.3  45,2    J44 

14.0            61.7     7.3  46,5    44 

14.5  53.1  7.3  -t7.7  44 
15.0            64.1     7.3  48.6    44 

15.6  55.0  7.3  49,5  44 
16.0  56.0  7.3  50Ji  44 
16.5           57.0    7.3  51Jt    44 
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(386  eaMS.) 

^r*m        «• 

Afc. 

Girif  and  BoTB. 
Med. 

P.E. 

8.0 

8.0 

.9 

8i» 

8^ 

.9 

9.0 

8.6 

.9 

9.5 

8.7 

.9 

10.0 

8.8 

1.0 

10.5 

8.8 

1.0 

11.0 

8.9 

.8 

lU 

8.9 

.8 

its> 

9.0 

1.0 

12.5 

9.1 

1.0 

13.0 

9.3 

1.0 

13.5 

9.3 

1.0 

14U) 

9Ji 

1.0 

14.5 

9.6 

1.0 

15.0 

9.7 

1.0 

15.5 

9.7 

1.0 

ie.0 

9.7 

1.0 

10.5 

9.7 

1.0 

Adulto 

10.0 

1.0 

TABLE 

XIV.— DicTAXioir  3. 

(386  eaMS.) 

AfC. 

Qlrlt  and  Boyi. 
Med. 

P.K 

8i) 

14.0 

2.2 

8.5 

14.4 

2.4 

9.0 

15.0 

2.9 

9.5 

14.8 

2.8 

10.0 

14.6 

2.7 

10.5 

14.6 

2.7 

11.0 

14.6 

2.6 

11.5 

14.6 

2.6 

12.0 

14.6 

2.6 

12.5 

14.8 

2.4 

13.0 

15.0 

2.0 

13.5 

15.3 

2.0 

14.0 

15.6 

2.0 

14.5 

16.0 

1.6 

15.0 

16.5 

1.0 

15.5 

16.5 

1.0 

16.0 

16.5 

1.0 

16.5 

16.5 

1.0 

AdulU 

18.0 

1.0 

TABLE    XIIL— DioTATioir  2. 


(386 


1.) 


Age. 

Girli  and  Boyi. 
Med. 

P.E. 

8.0 

10.2 

1.1 

8.5 

10.3 

1.1 

9.0 

10.6 

.9 

9.5 

10.7 

.9 

10.0 

10.8 

.8 

10.5 

10.8 

.8 

11.0 

10.8 

.7 

11.5 

10.8 

.7 

12.0 

10.8 

.7 

12.5 

10.9 

.7 

13.0 

11.0 

.8 

13.5 

11.1 

.9 

14.0 

11.3 

1.0 

14.5 

11.4 

1.0 

15.0 

11.5 

1.0 

15.5 

11.5 

1.0 

16.0 

11.6 

1.0 

16.5 

11.6 

1.0 

Adults 

12.0 

1.0 

TABLE 

XV.— DlOTATIOlf    4. 

(386  cases.) 

Age, 

QirlB  and  Boyi. 

P.E. 

8.0 

13.9 

1.1 

8.6 

14.0 

1.0 

9.0 

14.3 

.8 

9.5 

14.3 

.8 

10.0 

14.4 

,7 

10.5 

14.4 

,7 

11.0 

14.4 

,7 

11.5 

14.4 

,7 

12.0 

14.4 

,7 

12.5 

14.6 

.8 

13.0 

14.8 

1.0 

13.5 

15.0 

1.0 

14.0 

15.2 

1.0 

14.5 

15.3 

1.0 

15.0 

15.5 

1.0 

15.5 

15.5 

1.0 

16.0 

16.5 

1.0 

16.5 

16.6 

1.0 

Adults 

16.0 

1.0 
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< 
TABLE  XVI.— DiorAnoif  Total.  TABLE   XVII.V. 


(386 


) 


Age. 

QirlB  and  Boys. 
Med. 

P.K 

8.0 

11.5 

1.3 

8.5 

11.8 

1.3 

9.0 

12.1 

1.3 

9.5 

12.1 

1.3 

10.0 

12.1 

1.3 

10.6 

12.1 

1.3 

11.0 

12.1 

1.2 

11.5 

12.1 

1.2 

12.0 

12.1 

1.2 

12.5 

12.3 

1.2 

13.0 

12.5 

1.2 

13.5 

12.7 

1.2 

14.0 

13.0 

1.2 

14.5 

13.2 

1.1 

15.0 

13.5 

1.0 

15.5 

13.5 

1.0 

16.0 

13.5 

1.0 

16.5 

13.5 

1.0 

Adults 

14.0 

1.0 

Memory  of 

Related 

WOBDS. 

(288 

cases.) 

Age. 

Qirli. 
Med. 

P.K 

Boys. 
Med.   P.  X 

8.0 

13.0 

1.6 

13J> 

1.9 

8.5 

13.4 

1.6 

1S4 

IS 

9.0 

14.0 

1.7 

U.0 

2.0 

9.5 

14.6 

1.8 

U4 

1J9 

10.0 

15.3 

1.9 

15.0 

1.7 

10.5 

15.9 

1.8 

15.0 

1.7 

11.0 

16.5 

1.7 

15.0 

1.7 

11.5 

16.3 

1.7 

15.7 

1.7 

12.0 

16.0 

1.6 

164 

1.8 

12.5 

16.4 

1.6 

164 

1.8 

13.0 

17.0 

1.5 

16J5 

1.8 

13.5 

17.2 

1.5 

16.7 

US 

14,0 

17.5 

1.6 

16S 

1.S 

14.5 

17.5 

1.5 

16J9 

1.S 

15.0 

17.5 

1.5 

16.9 

1.S 

15.5 

17.6 

1.5 

16J9 

1.S 

16.0 

17.8 

1.5 

17.0 

1.3 

16.5 

17.8 

1.5 

17.0 

IJ 

Adults 

17.0 

1.9 

16J5 

L5 

T 

TABLE    XVHL  . 
Memory  of  Unrelated  Words. 


(270 


I.) 


Age. 

Qirls. 
Med.    P.E. 

Boys. 
Med.    P.E. 

8.0 

11.5 

1.3 

IIJ. 

1.6 

8.5 

11.9 

1.3 

11.6 

14 

9.0 

12.4 

1.4 

ItJB 

1.7 

9.5 

13.3 

1.4 

ItJt 

U 

10.0 

14.4 

1.4 

12.2 

1.7 

10.5 

14.4 

1.4 

12.3 

L7 

11.0 

14.3 

1.4 

12J5 

1.8 

11.5 

14.2 

1.4 

12.6 

IS 

12.0 

14.0 

1.5 

12.8 

IS 

12.5 

13.8 

1.5 

13J 

1J9 

13.0 

13.5 

1.5 

13.5 

2J 

13.5 

13.7 

1.5 

13.6 

2J 

14.0 

14.0 

1.5 

13.7 

2Jt 

14.5 

14.0 

1.5 

13.7 

2J2 

15.0 

14.0 

1.5 

13.7 

2J2 

15.5 

14.3 

1.5 

13.8 

2J2 

16.0 

14.5 

1.5 

U.0 

2.2 

16.5 

14.5 

1.5 

H.0 

2J2 

Adults 

13.0 

1.4 

12.8 

1.2 

TABLE   XTX. 

Pabt-Whoijb  Test. 

(504  cases.) 

Age. 

Qirls  and  Boys. 
Med. 

P.K. 

8.0 

6.5 

2.3 

8.5 

7.1 

1.8 

9.0 

7.8 

1.3 

9.5 

7.8 

1.6 

10.0 

7.8 

1.9 

10.5 

8.2 

1.5 

11.0 

8.7 

1.1 

11.5 

8.7 

1.1 

12.0 

8.7 

1.2 

12.5 

8.8 

.9 

13.0 

9.0 

-7 

13.5 

9.0 

.7 

14.0 

9.0 

.7 

14.5 

9.0 

.7 

15.0 

9.0 

.7 

15.5 

9.0 

.7 

16.0 

9.0 

.7 

16.5 

9.0 

.7 

Adults 

10.0 

.5 

MABKB  QAIVBD  BY  OBDiyABY  OBILDBBW 


49 


TABLE  XX. 

QbxubSfecxeb  Tk8T. 

(511  CMMm.) 

At«. 

GiiliAiidBoyi. 

P.K 

8i) 

6X) 

2.0 

u 

6.0 

Z3 

9.0 

SJO 

2.7 

9Ji 

6.0 

2.8 

10.0 

7.0 

2.9 

lOi^ 

ai 

2Ji 

11.0 

9.2 

1.9 

1L5 

9.2 

1.3 

12.0 

0.2 

.7 

12.5 

9.2 

.6 

134) 

9.3 

.4 

13.5 

9.3 

.4 

14U> 

9.3 

£ 

14.5 

0.4 

.5 

15.0 

9.5 

.5 

15J( 

0.5 

.5 

15i) 

9.5 

Ji 

115 

9.5 

Ji 

Adutta 

10.0 

.0 

TABLE   XXI. 

OFFoems  Xk8T  1. 

(605  cases.) 

Ag«. 

GUtosadBoTB. 
Mea. 

P.K. 

8.0 

7.4 

2.0 

8.5 

8.2 

2.0 

9.0 

9.0 

2.0 

9.5 

9.4 

2.4 

10.0 

9.9 

3.0 

10.5 

11.1 

3.0 

11.0 

12.5 

3.0 

11.5 

12.8 

3.0 

12.0 

13.5 

2.6 

12.5 

13.7 

2.6 

13.0 

14.0 

2S 

l3Ji 

14.2 

2.4 

14.0 

14.5 

2.3 

14.5 

14.7 

2.3 

15.0 

15.0 

2.3 

15.5 

15.2 

2.3 

16.0 

15.5 

2.3 

16.5 

15.5 

2.3 

Adults 

20.0 

1.0 

TABLE  XXn. 

TABLE  xxrn.  T 

( 

Opposms  Test  2. 

a-t  Test.    '  "^ 

^^ 

(608  eases.) 

(900  cases.) 

Ace 

Girls  and  Boyi. 
Med. 

P.  E. 

Age. 

GirlB. 
Med.    P.K 

Boys. 
Med.    P.  E. 

8.0 

8.7 

1.4 

8.0 

11.8     1.8 

lO.O    1.6 

8.5 

9.1 

1.5 

8.5 

12.0     1.8 

11.0    1.6 

9.0 

9.5 

1.7 

9.0 

12.3     1.9 

11.3    1.7 

9.6 

10.5 

1.9 

9.5 

12.6    2.0 

11.5    1.8 

10.0 

11.5 

2.2 

10.0 

12.8     2.2 

11.8    2.0 

10.5 

12.3 

2.5 

10.5 

13.2     2.4 

12.1    2.2 

11.0 

13.1 

2.9 

11.0 

13.9     2.6 

12.7    2.S 

11.5 

13.8 

3.2 

11.5 

14.5     2.7 

13.3    24 

12.0 

14.7 

3.6 

12.0 

14.9     2.9 

13.7    2.5 

12.5 

15.4 

3.0 

12.6 

16.4     3.0 

UJ    2.7 

13.0 

16.4 

2.4 

13.0 

16.1     3.0 

U.8    2.7 

13.5 

17.0 

2.2 

13.6 

17.1     3.0 

15.7    2.7 

14.0 

17.8 

2.0 

14.0 

17.9     3.0 

16.4    2.7 

14.5 

18.1 

2.0 

14.6 

18.6     3.0 

17.0    2.7 

15.0 

18.5 

2.0 

15.0 

18.7     3.0 

17.2    2.7 

15.5 

18.7 

2.0 

16.6 

19.0     3.0 

17.4    2.7 

16.0 

19.0 

2.0 

16.0 

19.3     3.0 

17.7    2.7 

16.5 

19.0 

2.0 

16.6 

19.5     3.0 

18.0    2.7 

Adult 

4 

■            20.0 

1.0 
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§  10.    Method  of  Comparing  Defective  Children  with  Ordinary 

Children 

We  now  have  two  series  of  grades  in  the  same  measurements,  one 
set  from  mentally  defective  children  and  the  other  from  ordinary 
school  children.  The  usual  method  of  comparing  such  results  is  to 
compare  the  records  of  one  set  of  individuals  with  the  central  tend- 
ency of  those  of  the  others  of  the  same  age  and  sex.  But  in  this  case 
there  were  not  enough  defectives  of  any  age  to  make  the  results 
gained  from  such  treatment  of  any  value,  consequently  a  different 
method  had  to  be  adopted.  The  method  used  in  dealing  with  the 
majority  of  the  measurements  was  one  which  enabled  me  to  compare 
the  records  of  all  of  the  defectives  with  those  of  all  the  ordinary 
children  without  restriction  as  to  age  or  sex.  Another  very  decided 
advantage  is  the  fact  that  the  units  of  grading  are  identical  through- 
out all  the  measurements,  as  will  be  evident  from  the  following 
description. 

The  difference  between  the  record  of  each  defective  in  any  test 
and  the  median  for  an  ordinary  child  of  the  same  age  and  sex  waf 
found.  This  difference  was  then  transmuted  into  positive  or  nega- 
tive multiples  of  the  probable  error  as  the  case  required.  For  in- 
stance, referring  to  Table  III.,  No.  23,  whose  age  is  12  years  7  months 
has  a  mark  of  12  in  the  second  opposite  test.  Table  XXII.  gives  th( 
median  for  that  test  at  that  age  to  be  15.4  +  (the  actual  figures  bj 
interpolation  being  15.6) ;  the  difference  therefore  is  —  3.6.  Th< 
probable  error  in  the  standard  for  that  age  is  <  3.0   (2.9),  thei 

—  3.6  is  — 1.249  times  the  probable  error.  Hence  individual  25 
is  1.25  times  the  probable  error  below  the  grade  reached  by  50  pe^ 
cent,  of  ordinary  children  of  the  same  age  and  sex  in  this  test.  B; 
thus  transmuting  the  difference  between  the  grading  received  b; 
defectives  and  ordinary  children  respectively  in  every  test  into  mul 
tiples  of  the  probable  error  of  the  appropriate  age  and  sex  I  cai 
compare  the  records  of  the  150  defectives  tested  with  the  500  or  60 
ordinary  children,  just  as  if  I  had  150  idiots  and  600  school  childre: 
all  of  the  same  age  and  sex.  Not  only  by  this  method  can  I  conside 
all  my  cases  together,  but  each  test  is,  so  far  as  is  possible,  con 
parable  with  every  other,  irrespective  of  whether  the  trait  examine 
is  physical  or  mental.  This,  so  far  as  I  know,  has  not  yet  bee 
done.     For  instance,  a  mark  of  0  in  height,  —2.5  in  a  memory  tes 

—  4  in  the  part-whole  test  and  + 1.19  in  the  measure  of  perce| 
tion,  means  that  the  individual  was  just  at  the  median  of  children  i 
general  as  to  height ;  nearly  twice  as  far  below  the  median  in  the  tei 
of  intelligence  as  in  the  memory  test;  while  in  the  test  of  perceptio 
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he  was  aboTe  the  central  tendency  for  normals.  This  method,  then, 
provides  a  measure  by  which  we  can  tell  not  only  how  far  the  idiots 
are  below  school  children  in  the  various  traits  tested,  but  how  much 
farther  below  they  are  in  one  mental  trait  than  in  another  and 
whether  they  are  equally  deficient  in  physical  and  mental  traits. 

As  a  final  mark,  then,  each  child  has  a  grade,  in  terms  of  the 
probable  error  above  or  below  the  median  for  normal  children,  show- 
ing the  extent  of  his  ability  in  each  measurement  These  figures 
are  given  in  Tables  XXVIII.  to  XXXII.  inclusive.  In  Table 
XXVIII.  the  record  for  No.  33  reads:  age,  8  years,  2  months;  height, 
1.30  P.  E.  above  that  of  children  of  that  age  in  general;  weight, 
JL5  P.  E.  below  normal ;  ability  in  the  A  test,  2.31  P.  E.  above  that 
of  ordinary  children ;  ability  in  the  a-t  test,  3.42  P.  E.  below  normal. 

In  tests  5,  11  and  12  the  results  do  not  appear  in  this  form,  and 
eoDseqnently  they  must  be  considered  separately.  The  reason  for 
this  difference  in  treatment  is  different  in  each  case.  In  test  5  the 
median  for  the  ordinary  child  of  eight  years  old  was  10  or  perfect, 
in  which  case  there  was  no  opportunity  of  showing  improvement  due 
to  increase  in  age,  and  therefore  the  results  gained  by  the  use  of  the 
method  mentioned  above  would  not  mean  the  same  in  this  test  as  in 
tbt  others,  for  the  ability  of  children  over  eight  should  presumably 
be  represented  by  a  higher  mark  than  10.  In  this  test,  therefore,  I 
amply  computed  the  percentage  of  defectives  for  each  age  that  fell 
below  10,  or  the  perfect  mark,  and  then  did  the  same  for  school 
children  in  general.  The  result  records  the  percentage  of  defectives 
that  fall  below  a  certain  grade  and  the  percentage  of  ordinary  chil- 
dren of  the  same  age  that  fall  below  that  grade  in  the  same  test. 
Table  XXIV.  states  the  results  of  the  class  tests,  and  Table  XXV. 
the  results  of  the  same  test  repeated  with  single  individuals,  the 
same  standard  being  used  for  comparison  in  each  case. 


TABLE   XXIV. 

Per  Cent  of  DefecUves 
Below  Grade  of  10. 

Per  Cent,  of  Ordinary  Children 
Below  Grade  of  10. 

8  years 

old 

88% 

(9  cases) 

33.3% 

9      " 

« 

100 

(4  cases) 

30 

10      " 

«< 

76 

(4  cases) 

21 

11       " 

« 

66.6 

(6  cases) 

14 

12      ** 

« 

67 

(19  cases) 

14 

13       " 

«< 

100 

(16  cases) 

10 

14       " 

*t 

80 

(10  cases) 

1 

15       •• 
Adults 

€t 

70 
66.6 

(10  cases) 
(36  cases) 
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TABLE   XXV. 

Per  Cent  of  Defecttyei  Below  Gnde  of  la 

8  yean  old 

81% 

(11  eaaes) 

9      " 

« 

100 

(8  cases) 

10      " 

« 

50 

(6  cases) 

11      " 

ft 

70 

(10  eases) 

12      " 

X€ 

00 

(15  eases) 

13      " 

X( 

60 

(10  cases) 

14      " 

H 

42 

(7  cases) 

16      "       * 

< 

66 

(6  cases) 

Adults 

70 

(20  cases) 

This  particular  measurement  is  one  of  actual  knowledge,  for  most 
children  of  eight  have  had  training  in  picking  out  'names  of  things' 
and  in  'naming  objects,'  and  of  course  children  of  nine  and  ten  have 
begun  the  study  of  grammar,  so  that  their  training  has  been  very 
much  more  definite  in  this  line  than  that  of  the  idiots.  We  therefore 
should  expect  to  find  idiots  below  normal  children  in  this  measure- 
ment simply  from  the  fact  of  the  dissimilarity  of  training.  In  foct 
it  should  surprise  us  that  the  majority  do  as  well  as  they  do  and  that 
some  of  the  'idiots'  reach  the  same  grade  as  the  ordinary  child. 

As  test  11  was  designed  to  test  chiefly  motor  control,  the  number 
of  touches  made  in  doing  any  number  of  units  is  the  important 
factor.  The  comparisons  are  in  terms  of  the  percentage  of  def ectiyes 
making  more  touches  in  covering  a  certain  number  of  units  of 
amount  than  the  median  number  made  by  ordinary  children  of  the 
same  age  in  covering  the  same  amount.  The  medians  used  for  this 
comparison  are  given  in  Table  IX.  As  may  be  seen  from  the  stand- 
ard, those  children  who  finished  before  time  were  not  taken  into 
account,  for  we  do  not  know  their  maximum  ability.  The  results 
are  given  in  Table  XXVI.,  the  same  standard  being  used  in  the  two' 
trials. 

TABLE    XXVI. 

Results  of  the  Maze  Test. 

Kt  Trial  2nd  Trial. 

Per  Cent,  of  Defectives  Falling  Below  the  Per  Cent,  of  Defectives  Falling  Below  the 

Median  for  Ordinary  Children.  Median  for  Ordinary  Children. 


.  9  years 

100% 

(5  cases) 

100% 

(3  cases) 

10  and  11  years 

00 

(11  cases) 

87 

(8  cases) 

12  and  13  years 

81 

(24  cases) 

100 

(17  cases) 

14  and  16  years 

100 

(11  cases) 

88 

(9  cases) 

Adults 

100 

(12  cases) 

100 

(12  cases) 

These  results  seem  to  confirm  Johnson's  statement  that  the  feeble- 
minded are  'slightly  inferior'  to  ordinary  children  in  their  motor 
control.     One  might  feel  that  the  figures  show  more  than  a  slight 
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inferiority;  however,  we  must  bear  in  mind  that  two  factors  actually 
enter  into  the  result,  amount  and  errors,  and  that  combination 
always  complicates  matters.  The  idiots  did  more  on  the  average  than 
the  ordinary  child  and  it  may  be  that  had  children  in  general  done 
as  much,  that  is,  had  there  been  as  many  school  children  taking  as 
hig^  a  rate  of  speed  as  that  adopted  by  the  defectives,  the  difference 
in  control  mifi^t  not  have  been  so  marked. 

Of  course  this  lack  of  muscular  control  on  the  part  of  the  de- 
fectives is  partly  accounted  for  by  the  diseased  condition  of  some  of 
them.  Some  were  paralytic  and  had  not  full  control  of  their  hands, 
and  others  had  very  poor  eyesight  and  so  were  hampered  in  their 
performance  of  the  test  in  a  way  that  ordinary  children  were  not. 
However,  the  conclusion  seems  to  stand  that  the  idiots  have  less  mus- 
cular control  than  other  children  of  the  same  age.  Just  how  much 
can  not  be  stated  with  the  exactitude  possible  in  the  tests  where  com- 
plete standards  were  at  hand. 

In  the  block  test  (number  12)  I  have  records  of  nine-year-old 
children  and  adults  only  and  so  could  not  follow  my  usual  method. 
Consequently  I  have  compared  the  records  of  the  idiots  of  various 
ages  with  the  median  for  nine-year-olds,  and  stated  my  results  in 
terms  of  the  percentage  of  idiots  who  fall  below  the  standard  reached 
by  50  per  cent  of  ordinary  nine-year-olds.  The  median  time  for  the 
school  children  in  the  first  trial  with  this  test  was  30  seconds;  in  the 
second  trial  it  was  24  seconds.    The  results  are  given  in  Table  Xavjul. 


TABLE   XXVIL 

Block  Test. 

IstTrUl. 

tod  Trial. 

8  yean 

70% 

(10  cases) 

87% 

(8  cases) 

9      " 

100 

(11  cases) 

90 

(11  cases) 

10      " 

50 

(6  cases) 

66.6 

(6  cases) 

11      " 

66.6 

(9  cases) 

87 

(8  cases) 

12      « 

60 

(23  cases) 

73 

(23  cases) 

13      " 

72 

(11  cases) 

45 

(11  cases) 

U      " 

71 

(7  cases) 

87 

(7  cases) 

16      " 

80 

(5  cases) 

80 

(5  cases) 

16      " 

83 

(6  cases) 

100 

(5  cases) 

Adults 

76 

(13  cases) 

78 

(13  cases) 

AU  ages 

70 

78 

These  figures  show  that  in  the  ability  or  rather  in  the  combination 
of  abilities  measured  by  this  test  the  majority  of  the  idiots  are  much 
worse  than  ordinary  children.  In  only  two  instances  do  the  de- 
fectives of  any  age  equal  or  exceed  the  median  for  nine-year-olds— 
the  ten-year-old  defectives  50  per  cent  below,  and  those  thirteen 
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years  old,  45  per  cent,  below.  This  test  seems  to  me  to  measore  to 
a  certain  extent  the  ability  of  dealing  quickly  and  well  with  a  new 
situation— to  measure,  in  a  way  at  least,  common  sense.  Some  of  the 
feeble-minded  showed  a  lack  of  ability  in  dealing  with  the  situation 
to  an  extent  that  was  not  even  approached  by  the  school  children. 
Some  of  them  picked  up  one  block  after  another  and  tried  it  in  the 
same  hole,  often  picking  up  the  same  block  time  after  time;  others 
would  hold  on  to  one  block  and  screw  and  push  and  try  their  best 
to  force  it  into  the  hole.  Three  of  them  failed  utterly  in  putting  the 
blocks  into  their  proper  places.  And  yet  this  lack  of  ability  was  not 
true  of  all— in  several  instances  the  defectives  excelled  the  ordinary 
children  in  both  time  and  common  sense. 

It  may  be  that  the  case  against  the  idiots  is  not  so  bad  as  it  seems 
to  be,  for  it  is  probable  that  the  amount  of  improvement  between 
the  first  and  second  trials  is  greater  in  their  case  than  with  children 
at  large.  As  yet  no  definite  statement  can  be  made,  as  the  compara- 
tive amount  of  improvement  has  not  been  worked  out. 

§  11.     Tables  Showing  the  Results  of  the  Comparison  of  Defective 
Children  with  Ordinary  Children 


TABLE 

XXVIII. 

Na 

Age. 

Ht. 

wt 

A. 

art. 

yr.    m. 

l8t. 

1ft 

1 

12     2 

4-2.11 

4-1.14 

—  2.11 

—  1.79 

2 

10     1 

—  5.40 

H-  2.12 

—  4.82 

—  4.96 

3 

9     4 

—  3.86 

—  1.01 

—  2.09 

H-2.32 

4 

8     5 

—  2.70 

—  1.43 

5 

9  11 

—  2.33 

—  4.61 

6 

12  11 

—  3.63 

—  6.66 

7 

14     5 

—  2.34 

—  4.04 

8 

9     5 

—  1.26 

—  1.69 

—  4.60 

—  2.76 

0 

9    5 

—  1.00 

+  1.52 

10 

12     5 

+  2.61 

4-1.24 

—  2.16 

—  1.10 

11 

8     5 

■h   .22 

4-2.16 

—  1.64 

—  1.67 

12 

11     8 

—  3.61 

—  6.88 

F 

F 

13 

8  11 

+   .97 

4-    .69 

—   .76 

—  1.21 

14 

8     2 

+    .06 

4-    .66 

—  2.58 

—  1.11 

15 

10     3 

-f  2.63 

4-7.07 

—  1.26 

—  2.47 

16 

9  10 

—  2.62 

—  2.32 

17 

8     5 

—   .60 

—   .12 

—  1.64 

—  1.11 

18 

12  10 

-h    .24 

4-  2.62 

—   .17 

—  1.96 

19 

9     6 

+    .71 

4-2.43 

20 

13     1 

—  1.27 

4-2.71 

—  1.90 

F 

21 

11  10 

H-    .76 

4-    .67 

—  3.67 

—  2.39 

22 

7  11 

—  1.22 

—   .38 

23 

12     7 

—   .72 

—  2.12 

—   .61 

4-1.13 

24 

12     6 

—   .40 

—  3.26 

—  1.39 

—  2.46 

TABLES   SHOWING   RESULTS   OP   COMPARISON  55 


Ka 

Age. 

Ht. 

wt 

A. 

a-t 

yr. 

m. 

1st. 

Kt. 

25 

11 

4 

-h    .25 

+  1.26 

—  1.68 

—  1.66 

26 

10 

0 

—  1.11 

—  1.43 

+    .26 

—    .36 

27 

11 

7 

—    .59 

—  1.13 

28 

9 

0 

—    .76 

—    .72 

—  2.68 

—  1.74 

29 

12 

0 

—   .66 

—    .11 

—  4.92 

—  4.97 

90 

11 

2 

—    .83 

—  6.24 

31 

8 

9 

—   .66 

—  2.72 

—    .89 

—  1.22 

32 

8 

10 

—  1.31 

+  2.89 

33 

8 

2 

-M.30 

—    .16 

+  2.31 

—  3.42 

34 

12 

1 

—  2.40 

—  3.69 

—  2.32 

—    .69 

35 

12 

8 

H-1.37 

+  6.49 

+    .15 

+  1.76 

36 

12 

5 

—  2.96 

—  5.61 

F 

37 

11 

2 

—  2.35 

—  2.96 

38 

13 

0 

0.00 

+  1.61 

—    .38 

+    .63 

39 

10 

10 

H-  1.89 

—  4.38 

—  1.03 

—  1.44 

40 

8 

7 

—  1.49 

—    .29 

—  4.62 

F 

41 

12 

0 

—    .42 

—    .16 

—  2.18 

—  4.61 

^ 

11 

0 

H-    ,93 

—    J5 

—  1.39 

—  2.48 

43 

20 

T 

44 

14 

0 

—  2.64 

+  2.09 

—   .23 

—  6.63 

45 

22 

0 

46 

11 

0 

-4M 

—  2.98 

F 

F 

47 

IS 

0 

H-    .31 

+    .26 

—   .87 

—  1.78 

48 

15 

0 

-4-01 

F 

49 

n 

r 

—   .63 

+  .45 

50 

22 

2 

+    .24 

52 

21 

4 

F 

F 

55 

20 

0 

54 

14 

0 

—   .11 

—  2.30 

+  M8 

—   .89 

55 

10 

2 

H-    .37 

—   .09 

—  4.78 

—  3.40 

56 

13 

0 

■^3.30 

+  2.45 

-4.42 

F 

57 

14 

0 

58 

19 

T 

F 

59 

16 

0 

—  3.30 

—   .95 

F 

60 

29 

0 

61 

16 

0 

—   .86 

—  2.23 

¥ 

62 

18 

1 

-H-    .17 

+  2.12 

6S 

13 

4 

—   .18 

4-   .58 

—  5.07 

F 

64 

12 

11 

—  1.89 

—    .05 

—  4.26 

F 

65 

12 

9 

-h    .61 

+  1.48 

—  4.36 

F 

66 

14 

4 

-2.4i 

-2.45 

—  6.89 

-4.75 

67 

12 

1 

-f  2.-*<J 

+  i.57 

—  5.89 

F 

68 

16 

3 

H-    .06 

—  2.40 

—  4.06 

—  6.10 

69 

14 

0 

H-2.32 

+  5.38 

—  5.17 

—  4.96 

70 

15 

1 

—    .57 

-    ^.76 

71 

13  11 

+  1.01 

-f  1.27 

■i-1.21 

F 

72 

15 

2 

H-i.7-4 

-1    t.Ol 

+  4.98 

F 

73 

14 

3 

+  2.04 

+   .54 

—  7.54 

-4-94 

7i 

11 

11 

+  5.42 

■^it-42 

-\-2.12 

F 

75 

14 

3 

—  i.55 

—   .80 

+    .66 

F 
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No. 

Age. 

Ht. 

Wt. 

A. 

ft-i. 

yr. 

m. 

Kt. 

ut. 

16 

IS 

9 

+i.7* 

+  120 

—  6.11 

—  5M 

77 

n 

-4:t6 

—  .88 

78 

n 

—  J98 

—  M 

19 

15 

-h  .S5 

—   .6S 

—  1.89 

-4.75 

81 

12 

+  1.24 

+   .16 

—   .12 

+  1.98 

83 

16 

4-  .32 

4-4.61 

—  1.68 

—  .75 

84 

16 

—  1.72 

—  .60 

—  5.S2 

F 

85 

IS  11 

—  5.S1 

—  S.25 

-4J6 

F 

86 

IS 

2 

-f.  .OS 

4-  .OS 

—  2.54 

+  .67 

87 

14 

0 

^2.U 

4-  >92 

+  5.12 

F 

SB 

13 

9 

—  1.76 

—  3.34 

—  3.11 

—  4.60 

89 

13 

10 

+  .21 

—  1.61 

—  4.42 

—  8.26 

90 

15 

1 

4-1.14 

4-5.58 

—  2.92 

—  8.26 

91 

12 

5 

—  .28 

—  .18 

—  2.09 

F 

92 

12 

4 

H-  .02 

—   .47 

+    .01 

P 

93 

16 

1 

-h  .82 

—  1.38 

—  2.64 

—  5.76 

95 

19  11 

96 

16 

7 

-  .24 

—  .80 

—  S.7S 

-649 

91 

17 

6 

—  2.84 

—  .8S 

98 

17 

1 

99 

8 

6 

—  1.46 

—  1.55 

100 

12 

9 

—  S.57 

—  M 

-2.49 

-4.6S 

101 

IS 

9 

+  1.50 

4-  .58 

-4.51 

F 

102 

13 

0 

—  .96 

—  2.81 

—  4.71 

103 

20 

0 

104 

16 

—  1.08 

4-  .99 

—  4.63 

P 

105 

20 

106 

13 

11 

—  3.92 

—  4.16 

107 

19 

108 

12 

H-  .S8 

+  1.58 

—  1.14 

F 

109 

12 

0 

H-  .SS 

+  2.06 

—  5.5S 

—  2.68 

110 

IS 

5 

—  2.19 

-  .84 

-4.78 

+  241 

111 

15 

0 

—  3.47 

—  5.62 

—  5.18 

—  4.66 

112 

13 

3 

4-1.82 

H-1.45 

—  4.94 

—  4.66 

113 

8 

3 

4-6.22 

4- 18.11 

—  3.09 

P 

114 

8 

0 

+  S.81 

4-  2.78 

115 

IS 

7 

—  6J96 

—  2.78 

—  6.09 

F 

116 

19 

1 

117 

8 

3 

—  1.79 

—  2.75 

—  3.32 

118 

17 

4 

—  1.61 

—  3.97 

119 

12 

0 

4-  2.11 

+  S.26 

—  7.8i 

—  5.08 

120 

16 

6 

—  4.11 

—  6.79 

—  4.01 

—  2.88 

121 

15 

S 

4-  .7^ 

+    .82 

—  ^.57 

F 

122 

n 

S 

4-  41 

—  1.29 

12S 

12 

t 

124 

12 

5 

+  S.14 

+  1.71 

125 

18 

7 

—  2.69 

—  5.32 

126 

6 

0 

127 

12 

11 

+  2.52 

4-6.95 

+  1.29 

—  2.86 

128 

16 

9 

4-  .57 

4-  M 

—  4.05 

F 
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M6. 

Age. 
yr.   m. 

.    Ht 

Wt 

A. 

1st. 

a-t. 

iBt 

129 

16 

8 

+  1.64 

+    .39 

—  6.28 

—  6.50 

130 

19 

1 

131 

15 

2 

132 

19 

10 

ISS 

12 

1 

^LH 

—   .85 

m 

U 

5 

—  1.68 

—   .99 

—  OM 

F 

1S5 

IS 

6 

—  IM 

—  1.39 

—  2.62 

+  1.71 

ISS 

n 

* 

+  >U 

— i.i5 

137 

18 

4 

—  3.61 

—  1.78 

1S8 

8 

0 

+  S.81 

^2.80 

1S9 

le 

0 

—  i.69 

+    .95 

m 

12 

0 

-^1.65 

-^2.98 

lU 

9 

r 

--2.81 

-  .48 

142 

8 

0 

—  1.06 

—   .16 

m 

15 

0 

-   .7* 

—   .95 

—  6.73 

—  5.99 

m 

9 

0 

+  1.80 

—  6.38 

—  541 

w 

9 

0 

+  9.28 

-1.14 

-5.41 

m 

11 

0 

+    M 

--6.26 

F 

w 

IS 

0 

0.00 

—   .75 

w 

20 

0 

140 

18 

0 

—  3.30 

—  2.47 

150 

12 

0 

—  2J2 

—  2.06 

—  2.80 

F 

151 

12 

0 

+  2.00 

+    .59 

15i 

9 

f 

+    .55 

—    .29 

153 

9 

0 

—  1.41 

—   .29 

154 

12 

0 

+    .21 

—  4.94 

155 

8 

0 

—   .30 

—  1J58 

15« 

8 

0 

—  2.43 

—  4.16 

157 

10 

0 

H-    .77 

+    .16 

Moral  Imhecilea. 

51 

10 

0 

H-    .50 

+   .48 

+  14.28 

—  5.40 

80 

15 

1 

rf      M 

—   .97 

+  9.48 

+  2.15 

SB 

11 

9 

+    .93 

—  .24 

-     .8* 

F 

H 

10 

0 

-hS.Ol 

H-    .92 

TABLE   XXIX. 

So, 

Dictation. 
Ut. 

Dictation. 
2Dd. 

Dictation. 
8rd. 

Dictation. 
4th. 

Dictation. 
Total. 

1 
2 
3 

—  1.00 

+    1.71 

—    1.39 

—      .57 

—    1.17 

—  2.88 

—   4.00 

-h      .04 

+     .87 

—    1.62 

4 
5 
6 

—  5.22 

—   8.66 

—   3.83 

—   7.87 

—   6.71 

7 
8 

77 

—     .64 

—   3.08 

—     .37 

—   2.00 

9 

-h    . 

33 

+      .44 

—    3.76 

—     .37 

—   2.00 

10 

—  6.00 

—  9.71 

—   4.86 

— 19.67 

—   8.00 
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No. 

Dictation, 
lit. 

Dictation. 
2nd. 

Dictation. 
Sid. 

Dictation. 
4th. 

Dicta 
To 

11 

—  4.66 

+ 

.63 

—   3.47 

—   4.00 

— 

12 

13 

—  2.76 

— 

4.00 

—   2.47 

—     .22 

— 

14 

—   .01 

+ 

.72 

—    1.41 

H-    1.00 

— 

15 

—   .80 

— 

6.00 

—   3.21 

—   3.42 

— 

16 

—  7.44 

— 

4.11 

—    1.63 

—     .37 

— 

17 

—   .02 

— 

2.00 

H-      .32 

—   2.00 

— 

18 

10 

20 

21 

—  2.37 

+ 

.28 

—   3.31 

-h    2.28 

— 

22 

23 

24 

26 

+    .12 

— 

9.71 

—    1.77 

— 10.57 

— 

26 

—   .80 

— 

3.50 

H-      .91 

—     .57 

— 

27 

28 

—  5.11 

— 

8.44 

—   2.42 

—   9.12 

— 

29 

30 

—  5.00 

— 

12.67 

—   3.31 

— 17.71 

— 

31 

—    .33 

— 

4.40 

—   2.68 

—     .22 

— 

32 

—   .55 

— 

.50 

—    1.04 

—   8.00 

— 

33 

+ 1.00 

— 

3.81 

—   3.69 

-h    1.00 

— 

34 

0.00 

+ 

.28 

—    1.00 

—     .67 

— 

35 

36 

37 

—  1.12 

— 

1.14 

—   3.31 

—     .67 

— 

38 

39 

—  2.00 

— 

4.25 

— 

40 

41 

k2 

—  2.37 

— 

4.72 

—   3.65 

—     .57 

— 

43 

F 

44 

—  1.50 

— 

2.30 

—   4.30 

—   2.20 

— 

iS 

—  4.00 

— 

2.00 

—   2.00 

—   4-00 

— 

ke 

—  1.12 

— 

6.85 

—  3.31 

—  13.28 

— 

*7 

—  1.S0 

— 

3.86 

—   7.50 

—   6.80 

— 

48 

49 

—  2.00 

0.00 

—   6.00 

—   4-00 

— 

50 

52 

5S 

—  2.00 

— 

5.00 

—   6.00 

—  5.00 

_ 

54 

-4-50 

— 

5.80 

—  1.30 

—  2.20 

— 

55 

—  2.80 

— 

4.75 

—   1.71 

—   9.14 

— 

56 

H-    .70 

— 

6.37 

—   5.00 

—   3.80 

— 

67 

58 

—  6.00 

— 

7.00 

— 12.00 

— 10.00 

-.. 

59 

—  2.00 

— 

6.00 

—   8.00 

—   1.00 

^ 

60 

—  2.00 

— 

2.00 

—  10.00 

—  9.00 

... 

61 

—  5.00 

— 

6.00 

—  11.00 

0.00 

_ 

TABLES  aaowtya  sbbultb  of  coMPASiaos 


69 


!Sa 

Dietelkn. 

DIetatloa. 

2Dd. 

IMctatkm. 
Srd. 

IMctatkm. 
4th. 

Dictation. 
Totml. 

62 

--4^00 

—   5.00 

0.00 

— 

uoo 

—   2M 

€S 

—  5M 

—   5.00 

-    4.50 

— 

14.80 

—   7J2 

64 

—  7^ 

—   7.62 

—    1.45 

— 

2.66 

—   4.50 

65 

—  9.10 

—   7.00 

—    6.44 

— 

7.00 

—   7.75 

66 

—  7.50 

—   6.50 

-14.80 

— 

8M 

—   7.75 

67 

—  5i>6 

-   542 

—  5J?4 

— 

S7 

—  4€€ 

68 

—  2X)0 

0.00 

—   4.00 

— 

1.00 

—   1.80 

69 

—  1.50 

—    1.30 

■f    5.14 

+ 

.30 

—     .08 

70 

—  4.70 

—   8.50 

—  14.50 

— 

15.50 

—  11.00 

71 

—  i.59 

—  9  JO 

-  4Jt5 

— 

2.10 

-   4^92 

72 

—  i.70 

+      ^(? 

—   2M 

— 

M 

—   1.S5 

75 

-1^0 

—   2.50 

—  ISM 

— 

6J20 

—  5.00 

74 

—    J2 

—   2.57 

—   235 

+ 

.57 

—  2J6 

75 

—   .50 

-   4.S0 

—  15.70 

— 

J20 

76 

-4^0 

—  2.62 

—   620 

+ 

IM 

—     M 

T7 

--5.00 

—   5.00 

—  15.00 

0.00 

—   5.80 

78 

—  2.00 

—   1.00 

—  4.00 

0.00 

—  1.80 

79 

—  6.70 

—   SM 

—   9.50 

— 

2M 

—  6.50 

81 

—  1.10 

+    1.57 

—   2.30 

— 

.67 

—    1.26 

83 

—  3.00 

—   2.00 

—   2.00 

— 

1.00 

—   2.00 

S4 

—  4.00 

—   6.00 

—  19.00 

— 

5.00 

—   8M 

85 

—  f.50 

—   9.00 

—   6.25 

+ 

S.80 

-  4M 

86 

—  5.50 

—   8.87 

—  4.00 

— 

11.80 

—   625 

87 

0.00 

—   4'SO 

—     M 

+ 

.80 

—   1.08 

88 

—  1.30 

0.00 

—   6.20 

— 

6.00 

—   4.00 

89 

—  2.30 

—   6.00 

—   7.75 

— 

9.00 

—   7.00 

90 

—  1.70 

—   8.60 

—  10.50 

— 

3.60 

—   7.30 

91 

—  5.10 

-  4J2 

—   2.38 

— 

10.62 

—   4M 

92 

—  4.10 

—   5.57 

—   3.48 

— 

1.87 

—   4.08 

93 

—  6.00 

—  12.00 

—  12.00 

— 

14.00 

—  11.00 

Moral  Imbeciles. 

51 

—  2.£0 

—   9.25 

—   5.19 

— 

12.00 

-  494 

80 

—  5.70 

—   5.50 

—   8.50 

— 

1.50 

—   5.50 

82 

—  5.62 

—     .28 

—   5.62 

■f 

228 

—   S.66 

H 

-f    .80 

—  i.oo 

—  4-66 

— 

4.85 

—  3.38 

Ka 

1 
2 
3 
4 
5 
6 
7 
8 
9 


Part-Whole.     Geniu-Species. 
-h      .28  F 


F 


—     .76 


lBLE    XXX. 

Opgjrite. 

ophite. 

Memory 
(unrel.). 

Memory 
(rel.). 

—   2.69 

—  2.47 

—  4.81 

—  4.01 

—  1.34 

F 

—    4.44 
F 

—  6.37 

—  4.21 

—    3.04 


—    4.05 


—  2.93 

—  1.51 


1.51 
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P8T0B0LOOT  OF  MBNTALLY  DBFIOJBNT   OHILDBEW 


No. 

FMt-Whole. 

G«niu-Speci«. 

Op^te. 

Cgglte. 

(umnSL^. 

Memory 

(reL). 

10 

P 

—   8.85 

—   4.42 

P 

—  6i^4 

—  8.87 

11 

—   3.00 

P 

12 

13 

F 

P 

—   1.45 

—   2.12 

—  1.65 

—    .22 

14 

—   1.69 

—     .48 

P 

—  2.71 

+    .85 

+    M 

15 

P 

P 

16 

17 

—   2.64 

—     .46 

—  2.00 

—  2.00 

—  .71 

+   M 

18 

—   4.07 

—   4.18 

19 

20 

F 

P 

F 

—   5.64 

—  3.01 

21 

P 

P 

P 

P 

—  3.65 

—  2.74 

22 

23 

-h      .22 

—  14.40 

—     .84 

—   1.25 

—  .47 

—  .47 

24 

—   5.80 

P 

P 

—    1.80 

—  2.54 

—  2.54 

25 

—   3.60 

—   3.74 

26 

-h    3.58 

P 

—  2.63 

—   3.68 

—  5.29 

—  5.29 

27 

28 

P 

P 

29 

30 

P 

31 

—   2.13 

+      .41 

F 

—   2.06 

—  2.29 

—   .86 

32 

—   3.67 

F 

—   2.65 

—  2.68 

—   .93 

—   .93 

33 

—   1.71 

F 

—   2.80 

—   4.14 

—  3.29 

-3.54 

34 

—   4.75 

P 

—  2.88 

—   2.23 

—  2.00 

—  3.34 

35 

—   3.22 

+    1.60 

—    1.47 

—   1.35 

—  3.14 

—  1.14 

36 

37 

38 

F 

F 

P 

—   4.75 

—  1.67 

—    .34 

39 

--  5.01 

+      .68 

—    1.90 

—   3.29 

—  4.51 

—   .22 

40 

F 

41 

42 

F 

F 

F 

F 

"6.39 

"7.06 

43 

F 

F 

F 

P 

44 

—  11.00 

—   6.60 

—   5.00 

"   8.40 

—  2.67 

—  5.67 

45 

^11.00 

"17.00 

"19,00 

-4M 

"5.01 

46 

F 

F 

F 

"  3.82 

F 

F 

47 

F 

--13,00 

—  4-80 

—   6.00 

"3.58 

"1.S9 

48 

—   8.57 

^13.00 

—  5.65 

"  8.75 

"1.69 

"3.77 

49 

^12.00 

^60,00 

"14M 

"14M 

"1.51 

"1.71 

50 

P 

F 

F 

—  4.29 

52 

F 

F 

F 

F 

F 

F 

53 

F 

F 

F 

54 

-^10,00 

"16,60 

—  5.65 

"  8.15 

"2J4 

"6.08 

55 

F 

F 

—  -^.87 

—  4M 

"6.48 

66 

F 

F 

F 

"5.01 

"6M 

57 

F 

F 

P 

F 

F 

58 

—  5.71 

P 

59 

—  5.71 

"40M 

—  5.87 

—   6,75 

"2.73 

—  i.67 

60 

F 

"70,00 

"17.00 

"18.00 

-184 

"3.01 

61 

F 

F 

P 

F 

TABLBB  SHOWING  RBBULTS  OF  COMPARISON  61 


no, 

PtttrWlMte. 

Gennt^peetoi. 

Oppcjite. 

o^u. 

(unreL). 

Memory 
(nsL). 

a 

—  IM 

0.00 

—  15M 

—  14J50 

+    -17 

—  44 

6S 

—  4J4 

—  15.75 

-  4M 

—  9.87 

•4 

—   1.04 

P 

—   6.62 

—  6.07 

—  4.32 

95 

+      .01 

—   1.74 

—   4.88 

—   4.86 

—  8.47 

—  4.69 

^ 

—  1J7 

—14.90 

—  5.47 

F 

—  3.05 

—  10.80 

trr 

—     J7 

—  5.7i 

—  4M 

—  3.38 

—  3.97 

—  4.97 

68 

—   9.00 

—  30.00 

—  6.43 

—   7.60 

+  1.43 

—  3.16 

99 

+     .71 

—     .60 

—  4.78 

—   8.65 

—  6.01 

—  3.01 

70 

—  4Jn 

—  15.00 

—  5.49 

—   7.75 

—  2.91 

—  8M 

71 

—  4J7 

—  15.75 

F 

—   7.97 

-4.37 

—4S4 

7t 

0.00 

+   IM 

—  4.59 

—  9M 

—  3.05 

—  147 

75 

—  tST 

—  9.90 

—  4^82 

—   7.45 

—  3.51 

—  7.92 

74 

—  2.95 

—  2.93 

—  3.78 

—  2.07 

—  2.39 

75 

—  9.90 

—  5.91 

—  7.45 

-4^ 

79 

F 

F 

77 

—  18.00 

—  75.00 

—  18.00 

—  19.00 

—  4.84 

—  3.97 

78 

—  1.00 

—  15.00 

—  14.50 

—  13.00 

-4.01 

—  1.01 

79 

—  IJSO 

F 

—  4^9 

—  7.30 

—  1.99 

—  3.01 

81 

+      .20 

+   1.33 

—  2.63 

—   1.94 

—  3.27 

—  2.88 

83 

+      .20 

—  9.00 

—   3.47 

—  7.26 

0.00 

+   .63 

«4 

—  10.00 

—  90.00 

F 

—   8.00 

—  4.01 

—  8.84 

85 

—  S.25 

-  4M 

—  5.81 

—  3.01 

-4J5 

89 

—  5.71 

—  18JB5 

—  4.42 

—  5.97 

—  3.11 

—  3.12 

87 

0.00 

—  9.90 

—  5.00 

—  9.65 

—  3.09 

—  5.31 

88 

—  2.14 

—  3.26 

—  2.83 

—  4.05 

—  1.87 

—  2.94 

89 

—   6.71 

—  7.00 

—   6.37 

P 

—  6.94 

—  3.61 

90 

—  6.71 

—  10.00 

—   6.66 

—   8.26 

—  4.01 

—  4.34 

91 

—     .30 

—  8.89 

—  4M 

—  5.49 

—   .27 

-4.12 

92 

—    1.80 

—  2.00 

—   3.68 

—   2.89 

—  3.27 

—  3.94 

93 

—     .71 

—  20.00 

—   3.60 

P 

—  6.72 

95 

0.00 

—  11.50 

99 

—  40.00 

—  19.50 

97 

—  15.00 

—  19.00 

98 

0.00 

—  10.00 

—  11.60 

—  11.00 

—   .72 

—  2.11 

99 

--    3.11 

m 

P 

F 

101 

—   4^27 

—  20.75 

F 

—   7.85 

—  3.91 

-4.78 

102 

103 

—   3.00 

—  60.00 

—  17.00 

—  18.00 

—  4.29 

—  2.11 

104 

—  14.00 

—  60.00 

—  18.00 

F 

—  5.01 

—  5.79 

105 

—  14.00 

—  45.00 

— 18.50 

F 

—  2.86 

—  5.27 

108 

107 

—   2.00 

—   5.00 

— 14.50 

—  12.00 

+  1.43 

—   .53 

lOS 

—    4.75 

—  10.28 

—   3.50 

P 

—  8.78 

—  3.59 

109 

—   9.00 

F 

110 

—   5.28 

111 

F 

112 

—   5.71 

— 13.20 

—   4.84 

—   3.96 

—  6.07 

—  8.74 

113 

—      .39 

+      .71 

—   3.65 

—   6.68 

—  5.01 

—   .63 

lU 

+    1.50 

F 

lis 

—    5.7i 

—  15.75 

—  4.69 

—   7.87 
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No. 

Part-Whole. 

Opposite. 
1st. 

^»SS*" 

Memory 
(unrel.). 

Memorj 
(reL). 

116 

—   7.00 

0.00 

—  17.00 

—  17.00 

—  .72 

—  2.64 

117 

118 

—   2.00 

0.00 

—  14.00 

— 13.00 

—  .72 

0.00 

119 

—   3,92 

F 

F 

F 

-4.89 

—  6.89 

120 

—   3.67 

—  60.00 

— 18.60 

—  19.00 

—  6.01 

—  6.32 

121 

—   8.57 

—  15.00 

F 

F 

—  3.96 

—  7.62 

122 

F 

F 

12S 

, 

m 

126 

—   7.00 

—  60.00 

— 17.60 

—  16.00 

—  1.43 

—  2.64 

126 

127 

0.00 

—   3.40 

—   4.92 

—   6.92 

—  3.74 

—  3.69 

128 

—  4M 

—  10.00 

F 

—  18.00 

-^1.84 

—  1.00 

129 

—   4.00 

—  70.00 

— 17.60 

—  17.00 

—  2.86 

—  3.16 

130 

0.00 

0.00 

— 10.60 

—   6.00 

+  1.43 

—  1.06 

131 

132 

—  12.00 

F 

— 17.60 

—  18.00 

—  2.86 

—  2.64 

1S3 

—   3.92 

—  10.28 

F 

F 

m 

—   5.71 

—  16.60 

—  4.82 

F 

—  1.87 

—  6.08 

135 

4-     .71 

—  1.00 

—   2.47 

—   2.10 

—   .82 

+    .85 

136 

—    1.00 

—  12.00 

—  17.00 

— 13.00 

—   .67 

—  2.34 

137 

138 

F 

F 

Moral  Imbeciles, 

51 

—  3.58 

—  2.96 

-4.77 

—  5.89 

80 

-1.42 

—  9.00 

—  3.65 

—  6.00 

—   .78 

—  2Jt4 

82 

—  1.63 

—   .01 

—  1.56 

—  2.31 

—   .39 

—  2J28 

H 

—  1.22 

—  3.65 

—2.95 

TABLE    XXXI. 

No. 

PaUe. 

Temp. 

WtTcst 

1 

+  1.46 

.26 

—   6.64 

2 

+    .77 

F 

3 

+  1.92 

2.00 

—     .67 

4 

+    .06 

1.00 

—     .49 

6 

+  2.86 

3.00 

—   3.48 

6 

—  2.74 

3.00 

—   4.71 

7 

—   .64 

3.26 

F 

8 

+  3.66 

+ 

.60 

—     .73 

9 

+    .06 

0.00 

+     .14 

10 

+    .06 

.76 

+    1.74 

11 

+  2.16 

.76 

—   3.14 

12 

+  2.86 

F 

13 

+    .06 

1.00 

—   3.26 

14 

+  1.31 

1.76 

—   3.74 

16 

+  1.31 

0.00 

—  4.36 

16 

—  1.81 

•   .26 

—   2.64 
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Na 

PalM. 

Tempi 

WtTwt 

17 

+    .06 

—    .25 

—    1.15 

18 

-f    .76 

+    .26 

—    1.18 

19 

+    .76 

+    .26 

F 

20 

—   .64 

+    .26 

—    1.39 

21 

4-    .06 

—  2.00 

—   3.26 

22 

H-2.85 

—    1.44 

23 

+  1.31 

—  2.76 

—   2.86 

24 

+    .06 

—  1.00 

—   4.62 

25 

—   .64 

—  2.00 

—   6.76 

26 

+  2.85 

—   .26 

+    1.61 

27 

—  1.34 

—   .60 

F 

2S 

—   .64 

+    .26 

—     .79 

29 

+    .06 

—     .71 

30 

+  1.61 

31 

+  2.16 

+   .26 

P 

32 

—    .60 

33 

+    .06 

+    .76 

+    2.06 

34 

+  1.46 

—   .60 

—   7.86 

35 

+    .06 

—  1.50 

—     .77 

36 

+    .06 

—  6.00 

F 

37 

+  1.46 

—   .76 

—   3.72 

38 

+  1.46 

—  4.26 

+    1.24 

39 

+  2.86 

+    .50 

—   2.21 

40 

—  2.74 

0.00 

+    1.66 

41 

+    .06 

— 14.47 

42 

+    .12 

—   .75 

—     11 

43 

+    .26 

P 

44 

+    .76 

—   2.61 

45 

OM 

—  11.50 

46 

—  1.67 

—  S.00 

F 

47 

—  LSI 

—  L25 

—  S.54 

48 

49 

+    M 

—  5.00 

60 

+  3.26 

—  12.44 

52 

5S 

0.00 

+    L42 

54 

—  LSI 

—  S.00 

—   1.71 

55 

—  LSI 

—   .75 

+    1.11 

56 

-2.14 

—   .25 

—   6.54 

57 

58 

+  1.00 

—   2.25 

59 

-2.04 

—  2.00 

+   L2S 

60 

—  1.20 

—   L87 

61 

—  1.59 

—   .60 

62 

-L40 

-  1.42 

63 

—   .60 

0.00 

+      .39 

64 

—  1.00 

—   3.74 

65 

—   .99 

—  2.75 

—   4.04 

66 

'\'L52 

—  1.00 

—   LS2 
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No. 

Pulte. 

Tempi 

Wtl^ft 

67 

--1.08 

—  .75 

—  9.71 

68 

69 

—  2.27 

—  4.75 

—  2X1 

70 

—  «.00 

+    .75 

-  4.78 

71 

-  42 

-  6.74 

72 

—  3.65 

—  .50 

+     .39 

7S 

—   Jl 

—  J25 

-  4.«8 

74 

—  .72 

+    .50 

—     .08 

75 

S.65 

0.00 

4-     .84 

76 

—  1.79 

0.00 

—  1.12 

77 

—  lOM 

78 

—  SJ7 

—  3Ji5 

—  16.50 

79 

—  1.11 

—   .75 

-  1.34 

81 

4-    .30 

+    .76 

4-     .28 

83 

—  6.37 

—   .50 

—     .56 

84 

-  4« 

—  1J5 

-   4.27 

85 

—   .72 

—   .75 

4-     .74 

86 

—  L55 

0.00 

—   2.97 

87 

4-    .89 

-    .74 

88 

—   .76 

0.00 

—  7.31 

89 

+    .26 

—  1.00 

—  6.31 

90 

—   .74 

4-    .25 

— 13.08 

91 

0.00 

+    .75 

4-    1.16 

92 

—  1.23 

0.00 

—   3.11 

93 

+    .37 

—   .50 

—   6.86 

1S9 

-4-97 

-   341 

uo 

—   .50 

—  3.25 

HI 

+   J2 

0.00 

142 

—   .64 

4-    .76 

m 

—   .62 

—   .25 

m 

H-    .12 

—   .75 

—  3.38 

U5 

—   .50 

4-    .75 

—  2.34 

U6 

—   .50 

—  1.50 

4-     .78 

w 

—  2.01 

—  3.25 

F 

U8 

—  1.75 

—  12.75 

149 

+  1.75 

—   1.16 

150 

+  .84 

4-    .75 

-   347 

151 

+    .12 

—  1.00 

—     .86 

152 

—   .50 

F 

153 

+    .18 

F 

164 

+    .76 

P 

155 

+  2.16 

F 

156 

—  1.34 

F 

167 

+   .06 

—   1.61 

Moral  Imheoilea. 

51 

—  LSI 

—  LOO 

—   8.73 

80 

—  1.87 

—  1.00 

4-    1.23 

82 

—  3.70 

—   S5 

+     .78 

94 

—   J2 

—  1.00 

4-  140 
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TABLE   XXXIL 


Na 

InteQigflDoe. 

Monioiy. 

Maturity. 

TVytaL 

1 

—   1.62 

—  1.75 

—  3.36 

—  2.31 

2 

3 

—  2.59 

—  2.91 

—  1.70 

—   2.22 

4 

6 

—  4.59 

6 

7 

8 

—  1.75 

—  2.77 

—   2.70 

9 

—   1.12 

10 

—   6.63 

—  5.92 

—  2.01 

—   4.15 

11 

—   2.50 

12 

13 

—  1.46 

—  1.71 

—   1.67 

14 

—   1.62 

+    .01 

—  1.64 

—   1.27 

15 

—   2.81 

16 

—   2.82 

17 

—   1.77 

+    .04 

—  1.15 

—    1.16 

18 

—   2.31 

19 

20 

—  2.13 

—   2.98 

21 

—  2.24 

—  3.24 

—   2.91 

22 

23 

—  4.06 

—   .70 

—  2.77 

24 

—   3.80 

—  2.76 

—   3.02 

25 

—   3.75 

26 

—   3.29 

—  2.80 

—   .94 

—  2.16 

27 

28 

—  1.70 

—   2.54 

29 

—  3.63 

30 

—   6.02 

31 

—   1.26 

—  1.50 

—  1.46 

—    1.41 

32 

—   3.00 

—  1.54 

—   .20 

—    1.43 

33 

—  2.88 

—  2.77 

—    .68 

—    1.61 

34 

—   3.28 

—  1.83 

—  3.21 

—   2.70 

35 

—   1.11 

—   .60 

—     .84 

36 

37 

—   2.11 

38 

—   .04 

—     .67 

39 

—   2.40 

—  Ml 

—  2.29 

—   2.10 

40 

—   3.13 

41 

— 10.63 

42 

-5.74 

—  2,59 

-   5.47 

43 

44 

—   7.50 

—  4.58 

—  2.76 

—   6.12 

4S 

—i5.ee 

—  4.0(? 

—  8.i7 

—  10,15 

kS 

—  441 

47 

—  1,9S 

—  5.40 

—2,e9 

—  4.W 

4S 

—  SM 

-2.84 

—   6.50 

66 
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No. 

InteUigenee. 

Memory. 

MAtority. 

TMaL 

49 

—  22.62 

—  2.55 

—  3M 

—  13  36 

60 

—  8.36 

52 

59 

—  6.86 

54 

—  10.10 

-4M 

+    .66 

-  4M 

55 

—  495 

—  2.82 

—  3.72 

56 

—  5.55 

—  5.32 

—  5M 

67 

58 

—  5M 

59 

—  UM 

—  2.98 

—   .75 

—  8.26 

60 

-440 

—  3.36 

—  17J21 

61 

—  3.76 

62 

—  7.75 

—  .13 

-  4^79 

6S 

—  7.90 

-3.73 

—  2.75 

—  5.65 

64 

—   3.78 

—  4.43 

—  4.35 

—  4.20 

66 

—   2.46 

—  6.22 

—  5.62 

—  4.57 

66 

—   7.11 

—  6.93 

-4M 

—  6J21 

67 

—   6.57 

-4J7 

—  642 

-  4.77 

68 

— 12.98 

—  2.48 

—  2.57 

—   7.24 

69 

—   3.33 

—  1.64 

—  4.60 

—   3.48 

70 

—   8.11 

—  5.50 

—  3.69 

-  74i 

71 

—   9.66 

-4.35 

—  3.30 

—   5.89 

72 

—   217 

—  2.26 

-2M 

—  2M 

76 

—   6.11 

—  5M 

-|.0i 

—  5.67 

U 

—   S.12 

—  1.17 

-  1.74 

75 

—  7.65 

—  2.22 

-   4M 

76 

-  4M 

77 

—  62.50 

—  4Ji5 

—  19M 

78 

—  iO.87 

—  2.51 

—   8.35 

79 

—  469 

—  2.35 

—  2.75 

—  3.58 

81 

—     .73 

—  2.06 

—   .27 

—     .82 

83 

—   4.88 

—    .73 

—   .76 

—   2.39 

84  . 

—  26.00 

—  5.i7 

—  5.31 

—  13JW 

85 

—   4-65 

—  3.58 

—  2.52 

—   3.42 

86 

—   8.51 

—  3.11 

—  1.99 

—  5.13 

87 

—   4-56 

-4.18 

—  3.72 

—  3.72 

88 

—   3.06 

—  3.47 

—  4.19 

—   3.60 

89 

—   6.36 

—  6.30 

—  4.73 

—   5.29 

90 

—   7.40 

—  5.82 

—  6.81 

—   6.65 

H 

—   6.67 

—  2.19 

—  L68 

—   2.71 

92 

—   2.59 

—  4.01 

—  2.12 

—   2.47 

93 

—   9.00 

—  6.23 

—   7.36 

95 

—   7.00 

96 

-19.93 

97 

98 

—   8.10 

—  6.88 

99 

too 

lot 

—  10.99 

—  4-32 

-4M 

—  7.67 

102 

103 

—  22.00 

— 15.78 
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Kd  InteUiffenoe.             Xemoiry. 

104  —27.33 

105  —25.83 
106 

107  —   8.50 

108  —  6J7  —S,67 
109 
110 
111 

112  —  6.93 

113  —  2.22 

115  —  8M 

116  — 10.25 
117 

118  —  7.25 

119  —5.89 

120  —22.79 
Itl  —  ii.78               —  5.7P 

m 
Its 
m 

125  —25.12 

126 

127  —   3.56 

1Z8  ^lOM               +    42 

129  —27.12 

130  —   3.87 
131 

132  — 15.83 
1S3 

m  —   9M               —547 

155  —   1.21                -f    .01 

JS6  —10,75 
137 

Moral  Imbeciles, 

51  —  5.77                —5,41 

80  —   5,01                —1,51 

82  —  1^9                -1^3 

94  —   5.75                —S.50 

The  figures  in  the  tables  printed  above  contain  the  results  of  this 
investigation,  and  answer,  in  part  at  least,  the  questions  raised  at  the 

beginning.  They  seem  to  point  to  the  following  general  conclusions: 

(1)  The  mental  defects  among  idiots  are  by  no  means  equaled  by 
the  bodily.  In  fact,  in  measurements  of  height  and  weight  the  de- 
fectives are  indistinguishable  from  ordinary  children. 

(2)  In  general,  at  least  as  far  as  intelligence  is  concerned,  idiots 
do  not  form  a  separate  species,  but  simply  occupy  a  position  at  the 


lUtiirity. 

TVytaL 

—  4.77 

—  16.22 

—  17.12 

—   5.51 

-2Ji6 

—  4M 

-   4.73 

-   «4i 

—  4.86 

—   6.37 

—  4.05 

—   2.52 

—  7M 

—  7.93 

—   4.92 

—  5S1 

—  3.95 

—  13.65 

-   8,94 

—  2.31 

—  17.42 

—  3.51 

—   3.55 

—   648 

—  4.64 

—  14.43 

—   2.52 

—  10.60 

-   7.34 

—     .70 

—  8,00 

+    ,05 

—  2,67 

-^1.15 

—  2,17 

—   ,78 

—  1,32 

—  1,96 
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extreme  of  some  large  distribution,  probably  approximately  that 
expressed  by  the  normal  probability  curve. 

(3)  Among  idiots  there  is  not  an  equal  lack  of  mental  capacity 
in  all  directions.  There  is  something  of  the  same  lack  of  correlation 
among  the  traits  measured  in  the  case  of  idiots  as  there  is  with 
ordinary  people. 

As  I  have  already  stated,  these  conclusions  are  drawn  directly 
from  the  tables  of  measurements,  but  in  order  to  make  clear  the  fact 
that  the  figures  warrant  these  conclusions  I  will  take  them  up  one 
at  a  time  and  show  the  way  in  which  each  was  reached.  The  first 
point  is  that  the  mental  deficiency  of  the  idiots  as  compared  with 
ordinary  children  is  in  no  way  equaled  by  bodily  deficiency. 

§  12.    Results  Bearing  on  Physical  Status 

The  following  table  gives  the  comparison  of  defectives  with  chil- 
dren in  general,  in  terms  of  the  percentage  of  each  in  the  measure- 
ments taken  which  fall  above  a  given  point. 

For  normal  children  50  per  cent,  will  fall  above  the  median  and 
50  per  cent,  below  in  every  test ;  75  per  cent,  will  fall  above  —  1  P.  B. 
and  25  per  cent,  below,  and  91  per  cent,  above  —  2  P.  B. 


TABLE 

xxxm. 

Defectives 

Per  cent  above 
Median  for  Ordi- 
nary Children 

Per  cent 
aboye— IP.  E. 

Per  cent 
above -2  P. 

Height  (7) 

45 

61 

77 

Weight    (8) 

44 

66 

77 

Pulse  (9) 

49 

69 

86 

Temperature  (10) 

26 

59 

77 

Weight  test  (13) 

18 

28 

39 

A  test  (1) 

9 

18 

34 

a-t  test  (2) 

1 

14 

28 

Memory  of  unrelated  words   (4) 

6 

18 

27 

Composite  of  13,  1,  2  and  4 

1 

15 

27 

Dictation  (14) 

10 

10 

21 

Memory  of  related  words    (3) 

6 

19 

30 

Composite  of  14  and  3 

7 

10 

24 

Part- Whole  test    (6B) 

9 

17 

27 

Genus-Speciea  test    (6C) 

9 

16 

17 

First  Opposite  test    (6  A  I) 

0 

.9 

5 

Second  Opposite  test  (GAII) 

0 

1 

7 

Composite  of  6B,  C,  AX  and  All 

0 

1 

10 

It  is  evident  from  these  figures  that  in  the  measurements  of  height 
and  weight  the  defectives  ahnost  reach  the  standard  of  children  ii 
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general,  there  being  only  5  per  cent,  and  6  per  cent,  less  of  the  de- 
feetives  at  the  median  point  than  of  school  children.  In  the  tests  of 
memory  and  of  intelligence*  only  10  per  cent,  and  5  per  cent., 
9  per  cent,  and  0  per  cent.,  respectively,  of  defectives  reach  the 
50  per  cent  grade  of  the  other  children.  The  same  thing  holds  true 
if  we  notice  in  each  case  the  percentage  of  those  above  minus  once 
the  P.  E.  and  minus  twice  the  P.  E.  In  the  physical  measurements 
there  are  about  4  times  as  many  defectives  above  >- 1  P.  E.  and 
about  2.5  times  as  many  above  —  2  P.  E.  as  there  are  in  the  memory 
and  intelligence  tests.  Without  doubt  there  is  a  decided  difference 
between  the  bodily  and  mental  deficiency. 

The  same  facts  are  emphasized  by  the  following  graphic  repre- 
sentations. In  every  surface  the  zero  point  represents  the  median 
for  school  children  in  general;  the  figures  on  the  right  of  the  zero 
point  are  positive  multiples  of  the  P.  E.  and  those  on  the  left  are 
negative  multiples.  Therefore  the  children  whose  grade  is  indicated 
on  the  right  of  the  zero  point  are  above  the  standard  for  children  at 
large  in  that  particular  measurement  and  those  occurring  on  the  left 
of  that  point  are  below  the  ordinary  ability.  The  figure  at  each 
point  shows  how  much  above  or  below  ordinary  ability  in  multiples 
of  one  tenth  of  the  P.  E. 

Figs.  6,  7  and  8,  which  show  the  distributions  for  the  physical 
measurements  of  height,  weight  and  pulse  rate,  show  clearly  that  the 
distributions  are  almost  normal,  the  curves  following  pretty  closely 
the  usual  probability  curve,  the  cases  clustering  about  the  zero  point, 
t.  e.,  the  median  of  the  distribution  of  cases  in  general  On  the  other 
hand  the  curves  14  to  23  inclusive,  which  show  the  distributions  for 
memory  and  intelligence,  are  anything  but  normal,  being  decidedly 
skewed  towards  the  negative  end. 

These  facts,  then,  seem  to  justify  the  conclusion  before  mentioned 
and  to  show  that  whatever  idiots  may  be  on  the  mental  side,  as  far 
as  concerns  physical  conditions  of  growth,  nutriment,  etc.,  they  are 
not  far  from  ordinary  children.  *The  evidences  of  constitutional 
weakness,  of  slow  growth  and  of  inferior  size,'  which  by  many  are 
held  to  be  characteristic  of  mental  deficiency,  do  not  appear.  These 
children  were  certainly  not  two  inches  shorter  and  nine  pounds 
lighter  than  children  in  general. 

It  may  be  objected  that  the  idiots  examined  were  a  selected  group 
and  that  is  the  reason  for  the  high  results.  True,  the  very  worst 
idiots  were  not  included  in  these  measurements,  those  poor  wretches 
so  deformed  that  they  can  neither  walk  nor  stand,  but  on  the  other 

^I  use  tbU  word  rather  loosely,  as  these  tests  may  not  be  any  more  of  a 
measoieiiieiit  of  '  intelligence '  than  some  of  the  others  used. 
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Fio.  0.    Height. 

Fig.  7.    Weight. 
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Fio.  8.    Pulae. 

Fio.  9.    Temperature. 
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Fia.  10.    Weight  Test.         Fig.  12.    AT  Test. 

Fig.  11.      A  Test.  Fio.  13.   Memory  Test  (1).     Unrelated  Words. 
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Fig.  14.    Dictation  Test   (1).  Fio.  16.    Dictation  Test  (3). 

Fio.  15.    Dictation  Test   (2).  Fio.  17.    Dictation  Test   (4). 
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Fio  18.     Dictation  Tests.     Composite  of  All.  Fio.  20.     Opposite  Test  (1). 

Fio.  19.     Memory  Test  (2).     Related  Words.       Fio.  21.     Opposite  Test  (2). 
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Fio.  22.    Genus-Species  Test. 
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Fio.  23.    Part- Whole  Test. 


hand  neither  are  all  ordinary  children  examined  in  obtaining  stand- 
ards for  height,  weight  and  other  physical  measurements.  Only 
the  school  children  of  the  several  cities  were  measured  and  weighed 
when  the  standards  for  'normal'  children  were  obtained,  and  of 
course  those  children  who  are  all  right  mentally  but  who  are  de- 
formed and  diseased  physically  do  not  so  often  go  to  schooL  In  both 
instances  school  cases  were  examined,  and  to  that  extent  both  groups 
were  selected  and  therefore  the  results  are  comparable. 

It  may  be  further  maintained  that  although  the  results  obtained 
are  comparable  to  some  extent,  yet  they  do  not  represent  the  true 
state  of  the  case,  for  the  proportion  of  the  mentally  deficient  who 
are  physically  defective  and  the  proportion  of  ordinary  children  who 
are  so  afSicted  are  not  at  all  the  same.  In  the  first  place  this  has  to 
be  proven ;  at  present  it  is  merely  a  matter  of  opinion.  In  the  second 
place  those  children  who  are  both  physically  and  mentally  deficient 
are  more  likely  to  find  their  way  to  institutions  than  those  who  may 
be  only  mentally  deficient.  Parents  will  keep  a  child  at  home  if  he 
is  physically  able  to  move  about  and  attend  to  his  own  wants  even 
though  he  may  be  below  par  intellectually,  whereas  if  he  is  physically 
as  well  as  mentally  deficient  he  is  much  more  troublesome  and  conse- 
quently is  more  likely  to  be  sent  away.  Therefore,  even  shotild  it  be 
proven  that  in  institutions  for  the  feeble-minded  the  proportion  of 
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physical  defects  is  greater  than  that  found  among  ordinary  school 
children,  the  i>oint  would  not  be  proven. 

It  is  rather  interesting  to  note  that  mouth  temperature  seems 
more  closely  connected  with  the  degree  of  mental  efficiency  than 
with  physical  health.  The  percentage  of  idiots  that  reached  the 
median  for  other  people  in  this  measurement,  as  given  by  Table 
XXXin.  (page  68),  was  26,  which  is  rather  more  closely  correlated 
with  the  mental  than  with  the  physical  tests.  Fig.  9  emphasizes  the 
fact,  for  the  curve  of  distribution  is  in  shape  more  like  those  repre- 
senting the  distribution  for  intelligence  than  like  those  for  height 
and  weight. 

In  order  to  show  this  more  clearly,  I  took  the  temperature  of  the 
20  brightest  girls  from  the  third  and  fourth  year  classes  of  a  large 
public  school  and  31  ordinary  girls  picked  from  the  same  classes, 
ranging  in  age  from  8  years  to  13  years  and  6  months.  These  results 
with  those  gained  from  38  mental  defectives  found  in  the  same  school 
and  those  gained  from  55  idiots  in  institutions  are  shown  in  Table 
XXXIV. 

From  this  table  it  may  be  seen  that  the  average  temperature  of 
the  four  classes  of  children  examined  decreases,  the  idiots  confined 
in  institutions  having  the  lowest  average  (97.4+).  Only  28  per 
cent  of  these  defectives  reach  or  exceed  the  50  per  cent,  mark  for 
the  ordinary  children,  and  only  5  per  cent,  reach  the  median  for  the 
bri^t  children.  High  temperature  does  seem  then  to  go  slightly 
with  mental  ability.  A  number  of  writers;  Ireland  among  them, 
have  noted  the  fact  that  the  temperature  of  idiots  is  lower  than  that 
of  ordinary  people.  Prescott  reports  in  the  Pedagogical  Seminary,^ 
Vol.  IX.,  that  of  10  children  whose  temperature  was  the  highest  out 
of  71,  80  per  cent,  ranked  as  excellent  or  good  in  school  work,  while 
of  the  7  children  whose  temperature  was  the  lowest,  only  43  per  cent, 
ranked  even  as  good,  which  also  seems  to  point  to  the  conclusion 
mentioned. 

The  variation  which  I  found  in  temperature  was  greater  than  I 
had  expected,  ranging  from  94.2^  to  100^.  This  may  seem  rather 
extraordinary  and  of  course  there  may  have  been  some  error,  but 
the  temperature  was  taken  twice  in  most  instances— the  second  time 
after  an  hour's  mental  work— and  still  these  very  low  ones  stayed 
proportionally  low.  Five  of  the  lowest  changed  as  follows:  94.2** 
to  95** ;  95**  to  96.4** ;  96**  to  94** ;  96.2**  to  96.8** ;  96.4**  to  96.4^  In 
all  cases  the  temperature  as  recorded  was  taken  at  the  mouth,  as  I 
could  not  conveniently  get  the  body  temperature  elsewhere,  and  it 
may  be  that  the  temperature  recorded  was  simply  local,  that  of  the 
head,  and  that  the  general  body  temperature  was  higher.      This 
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seems  rather  plausible  as  a  theory  in  view  of  the  fact  that  low  tem- 
perature goes  to  some  extent  with  low  intellectual  power,  for  in  that 
case  there  might  be  less  blood  going  to  the  head  in  the  case  of  idiots 
than  with  ordinary  people  and  consequently  the  temperature,  thou^ 
lower  there,  might,  in  other  parts  of  the  body,  be  more  on  a  par  with 
that  of  people  in  general. 

TABLE  XXXIV. 
Tbhpesatuidb  at  the  Mouth 


Bright 

Ordinary 

'  nefectivei 
inP.S. 

Defectlvefin 
InsUtattoni 

94.2  up  to 

1 

4 

0 

6 

0 

8 

0 

96.0 

1 

2 

0 

4 

1 

0 

6 

0 

0 

8 

0 

0 

96.0 

0 

1 

2 

1 

3 

4 

2 

2 

4 

6 

0 

1 

1 

8 

0 

0 

0 

97.0 

1 

0 

0 

2 

0 

3 

2 

4 

0 

1 

3 

6 

1 

3 

1 

8 

8 

0 

2 

0 

3 

98.0 

1 

2 

4 

7 

2 

1 

2 

3 

6 

4 

1 

7 

4 

3 

6 

2 

3 

4 

4 

8 

0 

3 

3 

6 

99.0 

2 

0 

6 

0 

2 

3 

1 

2 

3 

4 

2 

3 

1 

6 

6 

2 

2 

0 

8 

3 

0 

100.0 

1 

1 

2 

1 

Median, 

99.3  + 

98.6 

98.6 

98.1  + 

Average, 

99.2  + 

98.4  + 

98.3  + 

97.4  + 

On  the  other  hand,  these  very  low  temperatures  may  be  ac- 
counted for  by  the  fact  that  the  children  may  not  have  held  the 
thermometer  down  closely  against  the  tongue,  but  simply  held  it 
under  the  tongue  rather  loosely,  or  they  may  not  have  kept  their 
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months  shut  tightly.     I  simply  offer  these  as  suggestions ;  so  far  as  I 
know,  the  temperature  was  taken  as  it  should  have  been. 

The  lack  of  correlation  between  pulse  and  temperature  is  rather 
sorprising  in  view  of  the  fact  that  physicians  usually  consider  a 
rapid  pulse  as  indicative  of  high  temperature^"^  This  does  not  seem 
to  hold  here,  for  the  pulse  rate  of  the  idiots  was  about  that  of  people 
in  general,  49  per  cent  having  reached  the  median  of  children  in 
general,  but  the  average  for  temperature  was  considerably  below  the 
median  for  other  people.  Of  course  the  reason  that  they  have  been 
80  correlated  in  people's  minds  is  probably  because  both  high  tem- 
perature and  rapid  pulse  occur  in  fever,  but  the  coimection  between 
them  is  evidently  not  so  close  as  has  been  supposed. 

§  13.    Sesulis  Bearing  on  the  Contimiiiy  of  the  Species 

My  second  conclusion  was  that  idiots  seem  not  to  form  a  special 
class  or  species,  at  least  as  far  as  intellectual  traits  are  concerned, 
but  that  they  are  included  as  part  of  a  large  distribution.  I  use  the 
terms  'special  class'  and  'separate  species'  in  the  same  sense  as 
writers  on  this  subject  in  general  have  used  them.  A  group  of  indi- 
viduals forming  a  separate  species  in  any  trait  would  be  a  group 
clustering  about  a  certain  central  point  and  lying  in  the  main  out-^ 
side  the  distribution  of  ordinary  individuals  in  that  trait.  Its  cases/ 
would  in  the  main  lie  over  5  P.  E.  distant  from  the  median  for 
ordinary  people.  Here  then  we  have  two  factors  concerned  in  the 
determination  of  a  'species'— form  of  distribution  and  spread  of  dis- 
tribution. Considering  the  second  factor  first,  Figs.  20,  21,  22  and, 
23,  which  show  the  distribution  for  those  tests  which  we  are  inclined 
to  designate  as  most  closely  connected  with  intelligence,  do  not  fulfill 
the  requirements  of  'special  species'  from  the  standpoint  of  spread. 
In  every  test  the  cases  run  up  to  the  median  for  ordinary  children, 
and  from  Table  XXXIII.  (page  68)  we  see  that  more  than  15  per 
cent  of  the  cases  are  included  within  the  limits  of  normal  distribu- 
tion. Fig.  24,  which  is  a  composite  of  the  four  intelligence  tests  and 
shows  the  distribution  of  their  averages  for  each  child,  illustrates  the 
same  fact.^ 

^  In  making  this  average  those  cases  of  F  were  not  considered  at  all,  but  only 
the  tests  in  which  the  child  had  a  grade  of  some  kind  were  taken  into  account. 
This  method  was  always  followed  in  making  an  average.  It  would  be  interesting 
to  know  if  the  results  would  be  the  same  had  the  F's  been  weighted.  Of  course, 
there  are  two  possibilities  in  the  weighting — ^to  give  the  F  a  weight  equal  to  the 
average  of  the  grades  received  by  that  child  in  the  other  measurements,  or  to 
give  the  F  a  grade  below  the  lowest  grade  received  by  any  one  in  that  test. 
This;  however,  has  not  been  done  as  yet. 


78  PBTOBOLOar  OF  MBNTALLY  DBFIOIENT  OBILDBBN 


FIC.84 


n 


cQ 


n 


J 


880      8S0      MO       160       ISO        90         eo        80  O 


nG.26 


10 


riG.26 


d 


r^ 


80 


60         60 


40 


80 


M 


10 


10 


Fio.  24.      Intelligence  Tests.      Composite  of  Tests  6  A  I,  6  A II,  6  B  and  6  C 

Fig.  26.     Memory  Tests.     Composite  of  Tests  14  and  3. 

Fio.  26.     Maturity  Tests.     Composite  of  Tests  13,  12  and  4. 


The  grouping  of  any  set  of  measurements  always  tends  to  throw 
emphasis  on  the  norm  and  to  eliminate  individual  variations,  and 
that  is  what  has  happened  in  this  case,  and  the  conclusion  can  only 
be  as  stated  that,  overlapping  the  normal  distribution  as  it  does,  this 
distribution  can  not  be  that  of  a  special  species.  Figs.  14,  15,  16 
and  17,  which  show  the  results  of  the  individual  dictations  given  in 
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test  14,  Fig.  18,  which  shows  these  records  combined,  and  Fig.  19, 
which  shows  the  results  of  the  test  of  memory  of  related  words,  all 
indicate  that,  from  the  standpoint  of  memory,  there  is  no  evidence 
of  a  special  si)ecies.  In  some  of  the  measurements  the  cases  run  as 
high  as  two  and  three  times  the  P.  E.  above  the  median,  and  even 
higher  in  a  few  instances,  while,  even  in  Fig.  25,  which  is  the  com- 
posite for  the  memory  tests,  the  cases  run  a  little  above  the  central 
tendency  of  ordinary  people.  The  results  of  the  tests  which  I  con- 
sider to  be  tests  of  maturity  chiefly,  point  to  the  same  conclusion. 
This  is  shown  by  Figs.  10,  11,  12,  13  and  26.  The  'spread'  of  these 
surfaces  and  their  overlapping  of  the  corresponding  surfaces  for 
ordinary  children  then  prove  that  there  can  be  no  separate  species 
of  idiots,  at  least  in  the  traits  examined. 

Looking  at  the  question  from  the  standpoint  of  the  form  of  dis- 
tribution, we  must  arrive  at  the  same  answer.  Going  back  to  Figs. 
20,  21,  22,  23  and  24,  which  show  the  distribution  for  the  intelligence 
tests,  no  separate  class  or  species  could  be  represented  by  such  sur- 
faces as  these.  They  show  themselves  plainly  to  be  fag-ends  of  some 
larger  curve.  Of  course  the  existence  of  such  a  large  number  of 
individuals  who  failed  to  do  anything  with  these  tests  may  be  em- 
phasized as  a  point  against  the  conclusion  on  the  ground  that  their 
presence  in  the  surface  might  have  changed  its  character.  This  ob- 
jection will  not  hold,  however,  for  such  cases  occur  rather  frequently 
among  ordinary  children  and  it  has  been  found  that  when,  upon  a 
second  trial,  they  have  been  made  to  understand  the  requirements, 
their  records  are  scattered  over  a  long  distance  on  the  scale,  being 
in  general  low.  Therefore,  in  this  case  we  may  presume  that  had 
the  idiots  understood  what  was  wanted,  their  records  would  have 
been  scattered  over  the  lower  part  of  the  present  distribution  and 
hence  not  have  materially  affected  the  form  of  the  surface.  The 
surfaces  showing  the  results  of  the  memory  tests,  Figs.  14,  15,  16, 
17,  18,  19  and  25,  also  show  the  absence  of  special  grouping  which 
would  imply  the  existence  of  a  species.  The  massing  at  the  upper 
end  of  the  surface  is  not  so  evident  here  as  it  was  in  the  intelligence 
tests,  but  still  there  is  nothing  to  point  to  the  presence  of  a  separate 
species.  Glancing  at  the  Figs.  10,  11,  12,  13  and  26,  which  show  the 
results  of  the  maturity  tests,  one  might  at  first  think  that  the  form 
at  least  was  indicative  of  a  species.  There  is  something  that  looks 
like  a  central  tendency  at  a  point  three  times  the  P.  E.  below  the 
zero  point.  Still  the  fact  that  this  point  itself  falls  within  the  limits 
of  the  normal  surface  of  distribution  and  the  further  fact  that  the 
cases  spread  down  to  —  8  P.  E.  make  the  existence  of  a  special  species 
extremely  doubtful. 
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I  made  one  other  combination  of  results  which  in  itself  is  prac- 
tically valueless  but  which,  taken  in  the  light  of  the  individual  meas- 
urements shown,  is  of  interest.  Fig.  27  represents  a  composite  of  all 
the  marks  gained  by  each  individual,  save  the  physical  measurements 
—height,  weight,  temperature  and  pulse.     It  contains  more  cases 
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Fio.  27.     Total.     Composite  of  All  Mental  Tests. 


than  many  of  the  other  surfaces,  for  there  were  very  few  children 
who  failed  in  every  test  right  through.  Of  course  the  traits  tested 
were  so  different  that  an  average  of  all  the  results  as  expressed  in 
such  a  curve  is  of  little  value.  But  it  does  show  that  so  far  as  such 
a  composite  measure  is  valid,  the  defectives  are  not  a  separate  spe- 
cies in  the  composite  any  more  than  they  are  in  definite  particular 
traits. 

The  question  now  comes  up,  **If  these  idiots  do  not  form  a  special 
class,  have  we  a  right  to  say  that  they  form  the  extreme  of  the 
ordinary  surface  of  distribution.*'  This  is  the  view  that  has  been 
supported  by  Galton,  Ireland  and  Thomdike,  although  there  seems 
to  be  no  definite  evidence.  The  fact  already  mentioned  that  the 
curves  showing  the  distribution  of  idiots  in  the  varioui^  measurements 
overlap  the  curves  showing  the  distributions  of  ordinary  ability, 
sometimes  to  such  an  extent  that  the  upper  limit  is  above  the  median, 
is  strong  evidence  in  support  of  the  theory.  In  order  to  make 
the  argument  stronger,  in  the  total  mark  for  intelligence,  memory 
and  maturity,  I  separated  the  defectives  found  in  the  public  school 
from  those  found  in  the  institutions.  Figs.  28,  29  and  30  show  the 
results,  the  dotted  lines  representing  the  public  school  defectives  and 
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the  solid  lines  the  institutional  idiots.^     It  is  very  evident  in  Fig.  28 
that  the  public  school  defectives  occupy  the  position  at  the  top  of 
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Fio.  28.     Intelligence  Tests.     Composite  of  Tests  6  A  I,  6  A II,  6  B  and  6  C. 

Fio.  29.     Memory  Tests.     Composite  of  Tests  14  and  3. 

Fio.  30.     Maturity  Tests.     Composite  of  Tests  13,  1,  2  and  4. 


^The  small  number  of  cases  in  these  curves  is  explained  by  the  fact  that 
a  misunderBtanding  of  one  or  two  tests  would  throw  a  child's  marks  out  entirely, 
as  these  records  represent  average  marks  and  not  single  tests. 
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the  curve,  just  below  the  zero  point,  all  but  one  case  fall  above 
—  4.5  P.  E.  and  none  fall  below  —  7  P.  E.,  while  the  other  idiots 
rank  as  low  as  —  28  P.  E.  Now  the  fact  that  these  defectives  who 
fall  near  the  central  tendency  of  ordinary  ability  are  those  who  are 
still  in  the  public  school,  although  in  special  classes,  is  significant 
These  children  have  been  considered  to  fall  at  the  extreme  of  normal 
children,  in  intelligence  at  least.  They  have  not  been  considered  de- 
fective enough  to  be  sent  to  institutions  but  have  simply  been  given 
more  and  different  attention  from  that  given  to  ordinary  children. 
Their  records,  as  shown  by  the  surface,  overlap  the  records  of  ordi- 
nary children  and  those  of  the  idiots  as  well.  They  form  the  con- 
necting link  between  children  in  general  and  those  so  defective  men- 
tally as  to  be  confined  in  institutions.  The  position  occupied  by 
these  school  defectives  in  the  curves  representing  the  memory  and 
maturity  tests  is  similar  to  that  for  intelligence  but  is  not  quite  so 
well  defined.  In  each  case  they  fall  in  the  upper  half  of  the  surface 
and  in  general  tend  to  be  those  near  the  zero  point. 

This  additional  proof  strengthens  the  conclusion  reached  that 
.  idiots  do  not  form  a  special  class  but  belong  to  the  ordinary  distribu- 
-^tion;  and  further  that  this  distribution  is  a  continuous  one,  there 
being  no  sudden  break  in  ability,  above  which  we  find  ordinary  chil- 
dren and  below  which  we  find  the  idiot,  but  that  the  decrease  in 
ability  is  gradual.  It  seems  a  steady  progression  from  that  of.  the 
ordinary  child,  through  those  special  cases  of  mentally  deficient 
children  still  retained  in  school,  to  those  idiots  found  in  institutions 
who  can  do  most  of  the  ordinary  school  work  and  seem  to  be  not  very 
different  from  children  in  general,  on  to  those  who  can  simply  do 
manual  labor  and  so  down  through  all  the  gradations  of  complete 
idiocy. 
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§  14.    Results  Bearing  an  the  OenerdUty  of  the  Mental  Defect 

The  third  general  conclusion  was  that  there  is  not  among  idiots 
an  equal  lack  of  mental  capacity  in  all  lines.  This  fact  has  already 
been  brought  out  in  dealing  with  the  first  two  questions,  but  a  glance 
at  Table  XXXIII.  (page  68)  will  serve  to  emphasize  it  In  the 
weight  test  there  are  18  per  cent,  above  the  median  for  ordinary  chil- 
dren, in  memory  10  per  cent,  and  5  per  cent,  and  in  the  inteUigenoe 
tests  9  per  cent,  and  0  per  cent.  In  the  composites  of  these  different 
series  of  measurements  there  are  27  per  cent,  24  per  cent,  and  10 
per  cent,  respectively,  above  —  2  P.  E.  This  means  that  in  going 
from  the  tests  of  maturity  to  those  of  intelligence  we  find  an  in- 
creasing number  of  idiots  that  fall  below  the  standards  for  children 
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in  generaL  Besides  finding  a  greater  number  below  the  standard, 
the  variability  from  that  standard  becomes  greater  in  the  intelligence 
tests  and  also  the  average  ability  as  compared  with  the  other  children 
18  lower.  Figs.  24,  25  and  26  show  the  median  for  idiots  in  the  intel- 
ligence tests  to  be  about  —  7  P.  E.,  for  memory  to  be  —  3.5  P.  E. 
and  for  matnrity  records  to  be  —  2.7  P.  E.  The  idiots  are  nearest 
the  central  tendency  for  children  in  general  in  the  measurements  of 
mental  traits  which  are  chiefly  tests  of  maturity,  and  farther  and 
farther  away  as  measurements  are  made  which  are  tests  of  ability 
deal  with  abstract  data.  They  are  two  and  a  half  times  as  far  from 
the  median  for  children  in  general  in  tests  like  the  opposite  test  or 
genus-species  test  as  they  are  in  tests  like  the  A  test  or  the  perception 
of  weight. 

To  speak  of  idiots  then  as  being  equally  deficient  in  all  the  mental 
powers  is  false.  'Arrested  mental  development'  must  be  taken  to 
mean  unequal  arrests,  some  powers  receiving  a  very  much  greater 
check  than  others.  The  feeble-minded  child  may  be  weak  on  all 
sides  of  his  mental  make-up  (though  this  is  not  true  of  all  of  them), 
but  that  is  not  telling  the  whole  story.  From  the  point  of  view  of 
the  psychologist  and  thf  educator  it  is  fully  as  important  to  know 
that  the  i^^/^^^^q  pj^i^^i^^'^n  pnT«ro|K.  gj^Q  almost  two  and  a  half  times 
as  strong  and  accurate  as  his  intfiUfictii^jgowers  and  almost  half  as 
strong  again  as  his  powers  of  memory,  as  to  know  that  he  is  weaker 
than  the  ordinary  child  in  all  these  particulars. 

There  is  one  other  point  to  be  mentioned  before  leaving  this  aspect 
of  the  subject.  I  believe  that  in  the  tests  of  motor  control,  of  per- 
ception of  form  and  weight  and  the  like,  the  case  against  the  idiots 
is  not  so  bad  as  it  seems  to  be.  In  each  one  of  the  measurements 
of  this  kind  that  were  taken,  not  one  trait  but  a  combination  of 
traits,  one  of  which  was  intelligence,  was  measured.  In  every  case 
there  were  directions  given  and  the  understanding  or  lack  of  under- 
standing of  these  directions  had  a  very  large  influence  on  the  result. 
I  believe  the  main  difficulty  with  these  feeble-minded  is  just  this  lack 
of  intellectual  power  and  not  so  much  inefficiency  in  perception, 
motor  power,  etc.  The  block  test  brings  this  out  clearly  and  the 
maze  test  too ;  the  children  did  not  get  the  sense  of  the  thing,  did  not 
realize  what  was  wanted;  and  the  results  are  correspondingly  poor. 
Much  has  been  written  of  the  poor  muscular  control  possessed  by 
the  idiot,  but  it  may  very  well  be  that  he  stumbles  about  in  walking 
and  droi>s  things  so  frequently  simply  because  he  does  not  know  just 
where  he  is  to  go,  or  just  what  he  is  to  do,  because  he  is  in  a  chronic 
state  of  indecision  or  of  obstructed  will.  In  other  words  the  real 
motor  or  perceptive  power  need  not  be  nearly  so  bad  as  it  seems  to 
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f  be,  for  the  diflSculty  may  be  largely  an  intellectual  one.  Of  course 
this  can  only  be  proved  by  experimental  evidence  which  will  differ- 
entiate between  motor  and  intellectual  ability;  the  evidence  offered 
here  does  not  pretend  to  do  this.  However,  my  opinion  is  that  as 
we  have  found  the  idiot  to  be  not  far  from  the  ordinary  child  as  to 
the  physical  measurements  of  height,  weight,  etc.,  so  we  shall  find 
that  in  motor  control  and  perceptive  powers  he  is  not  so  far  away  as 
he  seems  to  be,  but  that  his  ability  decreases  enormously  when  the 
power  to  deal  with  abstract  ideas  is  considered. 
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The  question  as  to  whether  there  is  any  correlation  between  the 
traits  observed  among  idiots,  might  be  raised.  But  the  matter  of 
correlation  is  rather  difficult  to  handle  when  one  is  dealing  with  such 
extreme  cases.  The  usual  methods  do  not  hold.  Another  difficulty 
in  answering. this  question  is  the  fact  that  my  material  is  hardly 
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definite  enough  to  warrant  any  decisive  conclusion.  However,  the 
results  seem  to  show  about  the  same  lack  of  correlation  as  is  found 
when  the  question  is  investigated  with  regard  to  ordinary  people. 
Were  there  really  much  correlation  present  we  should  expect  it  to 
come  out  rather  clearly,  as  we  are  dealing  with  such  extreme  cases; 
but  there  seems  to  be  comparatively  little.  The  correlation  of  mem- 
ory with  intelligence  is  shown  in  Fig.  31,  the  solid  line  showing  the 
relationship  of  the  two  as  it  exists  and  the  dotted  line  showing  what 
it  should  be  were  the  correlation  perfect.  Fig.  32  shows  the  same  for 
maturity  and  intelligence  tests.  At  the  upper  end  of  the  curves  in 
each  case  the  correlation  is  very  much  closer  than  at  the  lower. 
However,  as  I  have  already  stated,  not  much  can  be  said  on  the  basis 
of  this  material. 

§  15.    Improvement  among  Defectives  in  a  Year's  Time 

About  a  year  after  these  tests  were  made,  they  were  repeated  for 
some  of  both  the  defectives  and  the  ordinary  children  in  order  to  see 
what  changes  and  what  degree  of  change  had  taken  place  in  each 
class,  and  how  far  these  changes  were  comparable.  The  children 
who  were  tested  a  second  time  were  the  cases  in  the  Waverley  School 
for  Feeble-Minded  and  the  group  of  nine-year-old  ordinary  children 
from  one  of  the  New  York  City  schools.  Each  child  was  marked  for 
every  test  and  these  records  compared  with  his  record  of  a  year  ago 
in  the  same  test  If  the  marks  were  the  same  each  time  the  improve- 
ment was  rated  at  zero,  a  higher  or  lower  mark  on  the  second  trial 
being  indicated  by  a  plus  or  minus  mark  in  the  improvement  rating. 
The  actual  marks  may  be  found  in  the  Appendix,  §  18,  in  Tables 
XXXVII.  to  XLI.  inclusive.  Each  test  was  then  considered  by 
itself  and  the  percentage  of  the  total  number  of  cases  which  had 
improved  and  the  median  amount  of  improvement  for  each  test  was 
found,  both  for  the  deficient  and  the  public  school  children.  A  com- 
parison of  these  final  marks  shows  the  relative  improvement  of  each 
class  in  a  year's  time.     Table  XXXV.  shows  these  results. 

Comparing  the  amounts  of  improvement  of  the  feeble-minded 
and  the  nine-year-old  school  children,  we  find  that  in  two  of  the 
maturity  tests  the  defectives  improve  more  than  normals,  namely, 
in  the  A  test,  and  in  memory  of  unrelated  words  in  which  the  re- 
spective ratings  are  7.7  and  5.0  and  +  1-7  and  — 1.0.  In  the  rest 
of  the  maturity  tests  the  ordinary  children  improve  more  than  the 
defectivea  In  the  tests  of  memory,  including  the  dictation  work, 
the  defective  children  improve  much  more  than  the  other  children, 
for  their  total  record  gives  a  change  of  +  ^-^  w^<i  that  of  the  others 
only  -j-  0.3.      That  this  change  is  a  general  one  and  not  caused  by 
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great  changes  in  a  few  cases  is  shown  by  the  fact  that  53  per  cent  of 
the  defectives  improved  and  only  43  per  cent,  of  the  other  children. 


TABLE    XXXV. 

DEH'JfiCriVKB 

Per  cent,  of 

Median  Im- 

No.  of 

Per  cent  of 

Median  Im- 

No. of 

ImproTement  pro\rement 

CMea 

Improyement 

provement 

Galea 

Height, 

+  3.8 

34 

Weight, 

+  3.0 

33 

A, 

80 

+  7.7 

67 

86 

+ 

6.0 

14 

a-t, 

43 

+    .9 

66 

Rel.  Memory, 

46 

+    .2 

41 

30 

— 

1.0 

10 

Unrel.  Memory, 

60 

+  1.7 

43 

29 

— 

1.0 

11 

Opp.  First  (class) 

t 

61 

+  1.2 

47 

69 

+ 

2.6 

13 

0pp.  Second  (class 

), 

69 

+  2.7 

46 

Genus-Species, 

60 

+  1.6 

60 

92 

+ 

6.0 

12 

Part-VHiole, 

60 

+  1.7 

43 

92 

+ 

4.3 

14 

Weight  Test, 

36 

0 

28 

68 

+ 

2.6 

13 

Opp.  First  (individual), 

71 

+  3.0 

30 

69 

+ 

2.6 

13 

Dictation, 

60 

+  4.2 

28 

67 

+ 

1.3 

14 

Maze;  am't. 

28 

—  2.0 

28 

42 

— 

1.0 

14 

60 

+  6.0 

28 

36 

— 

9.6 

14 

Blocks, 

65 

+  1.2 

29 

86 

+  10.0 

14 

In  the  intelligence  tests  the  greater  improvement  is  with  the  ordi- 
nary children  although  there  is  decided  improvement  shown  by  the 
feeble-minded.  The  average  of  the  median  of  improvement  in  the 
four  intelligence  tests  for  normal  children  is  +  4-3,  while  for  the 
defectives  it  is  +  0.8. 

Looking  at  the  whole  series  of  tests,  the  contrast  between  the  de- 
fective children  and  ordinary  children  is  not  so  marked  as  might  be 
expected ;  for  in  one  half  of  the  tests  the  former  improved  more  than 
the  latter  and  in  the  other  half  the  reverse  is  true.  In  only  two  of 
the  measurements  do  the  defectives  show  no  improvement  whatever, 
while  the  ordinary  children  show  the  same  lack  in  three  of  the  tests. 
If  the  total  amount  of  improvement  in  all  the  tests  is  considered  the 
defectives  have  the  advantage,  25.5  to  21.7.  But  this  result  is  due 
largely  to  one  measurement,  in  which  the  defectives  have  a  mark  of 
+  5.0  and  the  ordinary  children  —  9.5.  Discarding  this  one  test, 
the  greater  improvement  is  found  to  be  with  the  ordinary  children, 
31.2  to  20.5. 

Comparing  the  improvement  of  the  defective  children  in  one  class 
of  test  with  their  improvement  in  others,  we  find  that  there  is  least 
improvement  in  the  results  of  the  intelligence  tests,  with  an  average 
improvement  of  1.8 ;  those  of  memory  rank  second  with  a  mark  of 
2.2,  while  the  greatest  improvement  is  in  the  tests  of  maturity,  the 
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STerage  being  2.4.  These  figures  show  that  the  feeble-minded  im- 
proTe  most  in  those  mental  traits  in  which  they  are  most  like  the 
ordinary  child  and  least  in  those  traits  in  which  they  are  most  unlike. ' 

In  all  this  matter  of  improvement  the  case  for  the  defectives  may 
not  be  quite  so  good  as  it  seems  to  be,  for  the  standards  which  they 
first  attained  in  the  tests  of  maturity,  memory  and  intelligence  were 
far  below  those  of  ordinary  children.  For  instance,  in  the  first  meas- 
Turements  only  1  per  cent,  of  the  defectives  exceeded  the  median 
mark  for  school  children  in  the  maturity  tests ;  7  per  cent,  exceeded 
it  in  the  tests  of  memory  and  0  per  cent,  exceeded  it  in  the  tests  of 
intelligence.  With  this  state  of  things  of  course  there  was  much 
greater  room  for  improvement  in  the  case  of  the  defectives  than  there 
was  for  the  public  school  children.  Hence  a  unit  of  improvement 
for  any  of  the  former  may  have  quite  a  diflferent  value  from  the 
same  amount  of  improvement  as  found  among  the  latter. 

The  obvious  objection  to  these  results  as  stated  is  that  the  com- 
parison made  is  not  a  fair  one,  for  nine-year-old  normals  have  been 
compared  with  defectives  of  all  ages  from  7  to  17.  However,  the 
unfairness  has  probably  been  toward  the  defectives  rather  than  to- 
ward the  ordinary  children,  for  the  gain  between  nine  and  ten  years 
of  age  is  usually  greater  than  the  improvement  between  any  other 
two  years  later  on.  This  is  especially  true  if  the  improvement  be- 
tween nine  and  ten  years  is  compared  with  that  between  thirteen 
and  fourteen.  As  it  happens  there  are  more  of  the  defectives  of 
thirteen  and  fourteen  than  of  any  other  two  years  and  there  are  only 
six  nine  years  old  or  under. 

The  only  right  way  to  compare  these  two  classes  of  children  would 
be  to  compare  equal  numbers  of  the  same  age.  As  I  had  not  the  data 
to  do  this,  my  best  way  was  (1)  to  get  from  the  standards  found  in 
Tables  VI.  to  XXIII.  (see  §  9)  the  amount  of  improvement  shown 
in  each  test  by  normal  children  from  year  to  year  and  (2)  to  weight 
each  figure  so  obtained  by  the  number  of  cases  of  defectives  for  that 
age.  For  example,  in  the  A  test  the  average  number  marked  at 
eight  years  old  was  30,  and  at  nine  years  old  32.6 :  the  improvement 
in  a  year's  time  would  be  +  2.6.  There  are  four  of  the  defective 
children  between  eight  and  nine,  hence  -+-  2.6  must  be  weighted  by  4. 
Going  through  for  each  test  in  this  way,  we  get  a  series  of  measure- 
ments of  improvement  comparable  with  those  obtained  from  the 
defectives.  The  medians  may  then  be  reckoned  from  these  measure- 
ments. The  comparative  records  so  obtained  may  be  seen  in  the  fol- 
lowing table. 

The  results  as  presented  in  this  table  are  rather  startling,  giving 
as  they  do  a  total  improvement  mark  exclusive  of  the  measurements 
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of  height  and  weight  of  24.1  to  the  defectives  and  one  of  only  8.7  to 
the  same  number  of  ordinary  children  of  the  same  ages. 


TABLE   XXXVI. 

Median  ImproTement 

Median  Improyement 

Height, 

4-3.8 

+  6.2 

Weight, 

+  3.0 

+  8.7 

A, 

4-7.7 

+  2.8 

a-t, 

+    .9 

+    .9 

Memory, 

+  1.1 

+    .3 

0pp.  First, 

+  1.2 

+    .6 

0pp.  Second, 

+  2.7 

+  1.0 

Genus-Species, 

+  1.6 

+    .1 

Part- Whole, 

+  1.7 

+    .2 

Weight  Test, 

0 

+    .6 

Dictation, 

+  4.2 

+    .3        . 

Maze;  am't. 

—  2.0 

+  2.0 

Maze;  touches. 

+  6.0 

0 

However,  there  are  some  sources  of  error  which  reduce  the 
validity  of  these  figures.  In  the  first  place,  the  usual  fallacy  of 
selection  is  present ;  for  children  of  a  certain  age  are  tested  and  then 
other  children  a  year  older  are  subjected  to  the  same  tests,  with 
the  idea  that  so  we  may  find  out  what  the  first  children  will  do  a 
year  later. 

In  the  second  place,  when  the  defectives  were  measured  the  second 
time  the  same  tests  were  used,  hence  it  was  a  second  trial  and  in  some 
cases  a  third  trial  with  the  same  tests,  whereas  in  following  the 
method  stated  above  with  the  public  school  children  the  tests  were 
only  taken  once.  That  a  second  and  third  trial  do  give  an  undue 
advantage,  at  least  in  some  of  the  tests,  the  figures  in  Table  XXXV. 
show. 

In  the  third  place,  the  units  compared  are  not  the  same,  for  the 
level  reached  by  some  of  the  ordinary  children  in  the  first  series  of 
tests  was  very  much  higher  than  that  reached  by  the  defectives, 
hence  the  possibility  of  improvement  in  one  case  is  much  less  than  in 
the  other.  A  mark  of  .1  improvement  in  the  genus-species  test  for 
the  public  school  children  may  be  a  higher  mark  than  the  1.6  gained 
by  the  defectives.  Is  passing  from  96  per  cent,  to  97  per  cent,  a 
less  gain  than  passing  from  70  per  cent,  to  75  per  cent.  ?  We  do  not 
know. 

These  sources  of  error  make  the  figures  stated  unreliable  so  far 
as  comparative  value  is  concerned.  They  must  serve,  simply  as  sug- 
gestions.    Any  one  who  can  obtain  records  from  ordinary  children 
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for  two  successive  years  in  the  same  way  that  I  have  from  the 
defectives,  wiD  then  have  the  data  to  furnish  a  reliable  answer  to 
this  problem.  However  valueless  these  figures  may  be  from  a  com- 
parative standpoint,  they  have  a  very  definite  intrinsic  value.  They 
show  -definitely  that  the  feeble-minded  do  improve  from  year  to  year 
and  that  their  improvement  is  no  mean  one. 

The  results  so  far  might  mean  that  those  defectives  most  like  / 
ordinary  people  go  on  improving  and  that  those  farthest  from  normal  / 
grow  more  and  more  unlike,  resulting  in  a  divergent  series.  To 
throw  some  light  on  this  point  the  whole  number  of  defectives  from 
the  Waverley  Institution  was  divided  into  quarters  according  to  their 
first  marks  in  the  intelligence  tests.  The  first  quarter  was  composed 
of  those  students  having  the  highest  marks,  the  second  of  those  having 
the  next  highest,  and  so  on  in  order  to  those  possessing  the  lowest 
marks.  The  improvement  in  these  same  tests  of  each  group  was  then 
found.  The  average  improvement  of  the  highest  quarter  was  .8; 
of  the  second,  1.4 ;  of  the  third,  1.7 ;  and  of  the  lowest,  1.0.  Those 
defectives  most  like  ordinary  people  have  improved  least.  The 
lower  half  of  the  class  has  improved  more  than  the  upper  half,  the 
averages  standing  13.5  to  11.  The  results  are  still  more  striking  if 
one  takes  simply  the  extremes  and  considers  the  improvement  of  the 
best  five  in  the  group  as  compared  with  that  of  the  worst.  The 
average  improvement  of  the  best  five  is  .6,  while  that  of  the  worst  is 
1.9— three  times  as  great  according  to  the  actual  figures.  Here,  as 
before,  it  must  be  borne  in  mind  that  the  units  of  improvement  are  not 
the  same,  consequently  the  figures  measuring  the  two  are  not  actually 
comparable.  This,  however,  does  not  alter  the  fact  that  the  de- 
fectives fairly  low  in  the  scale  do  improve  decidedly  in  a  year's  time 
—that  the  improvement  is  not  confined  to  those  who  most  closely 
approach  the  ordinary. 

The  relative  dependence  of  physical  and  mental  growth  has 
always  attracted  considerable  attention  from  psychologists.  The  six 
defectives  who  for  the  past  year  grew  at  the  most  rapid  rate  were 
picked  out  and  also  the  six  whose  rate  of  growth  was  slowest.  The 
average  improvements  of  these  two  groups  in  the  intelligence  tests 
were  compared.  The  results  are  1.6  for  the  former  and  2.1  for  the 
latter.  Those  who  grew  most  slowly  have  the  greater  increase  in  j 
intellectual  ability.  Limiting  this  comparison  to  children  of  the 
same  age,  and  so  taking  the  twelve-year-olds  whose  rate  of  growth 
was  most  rapid  and  comparing  with  them  in  improvement  in  intel- 
ligence those  whose  rate  of  growth  was  slowest,  the  results  are  more 
striking — .7  for  the  former,  2.5  for  the  latter. 
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The  general  conclusions— which  of  course  are  only  tentative— of 
this  study  of  improvement  are  then:  (1)  That  among  mental  de- 
^"•v^.  f  f ectives  a  decided  improvement  in  mental  ability  may  be  looked  for 
after  the  lapse  of  a  year,  in  some  directions  even  exceeding  that 
shown  by  ordinary  school  children.  (2)  That  the  greatest  improve- 
ment is  not  confined  to  those  defectives  most  like  ordinary  indi- 
viduals. (3)  That  the  improvement  is  not  equal  in  all  directions, 
but  that  some  mental  functions  improve  more  rapidly  and  to  a 
greater  extent  than  others  and  that  even  the  functions  we  designate 
as  intellectual  show  a  marked  improvement. 

One  or  two  measurements  were  taken  which,  although  they  do 
not  bear  on  this  question  of  improvement,  are  interesting  from  an 
historical  point  of  view. 

When  the  temperature  was  taken  the  first  time  it  was  found  that 
the  defectives  had,  on  the  average,  a  lower  temperature  than  the 
ordinary  children.  This  result  was  corroborated  by  the  second  meas- 
urement. Another  interesting  fact  was  noted,  namely,  that  in  72 
per  cent,  of  the  cases  the  temperature  was  lower  than  at  the  first 
previous  measurement,  although  at  the  close  of  an  hour's  mental 
work  only  44  per  cent,  of  the  children  had  a  lower  temperature  than 
that  taken  under  the  same  conditions  the  previous  year.  Whether 
this  fact  is  significant  or  what  the  cause  for  it  may  be,  there  is  as  yet 
no  means  of  determining.  The  only  difference  in  the  conditions  in 
which  the  measurements  were  made  was  a  difference  in  season,  as  the 
first  tests  were  made  at  the  beginning  of  the  winter  and  the  second 
at  the  close.  Since  physicians  in  general  do  not  note  any  difference 
in  the  temperature  of  normal  individuals  due  to  the  change  of  sea- 
sons, it  would  be  rash  to  suggest  this  as  a  cause. 

The  eyes  of  44  of  the  defectives  were  tested  by  the  use  of  Snellen's 
E  test.  The  results  are  as  follows:  48  per  cent  could  read  the  letter 
correctly  at  the  distance  specified ;  52  per  cent,  could  not.  In  giving 
this  same  test  at  the  St.  Louis  Exhibition,  Woodworth  and  Bmner 
found  that  the  average  ability  of  whites  under  twenty-five  years  of 
age  could  be  represented  by  1.68.  As  only  48  per  cent  of  the  de- 
fectives could  be  given  a  grading  of  1.00  the  difference  is  very 
marked.  Whether  these  results  are  comparable  may  be  questioned, 
but  certainly  the  results  are  suggestive.  It  has  always  been  claimed 
that  the  sense  organs  of  the  defectives  are  very  poor.  In  fact  so 
fixed  is  this  notion  that  it  may  cause  surprise  that  these  figures  do 
not  show  the  conditions  to  be  worse. 

In  testing  the  sensitiveness  of  the  skin  of  29  defectives  with  an 
aesthesiometer  the  points  of  which  were  20  mm.  apart,  the  method 
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uaed  in  the  Columbia  Laboratory  was  followed.  The  child  was  told 
to  close  his  eyes,  and  the  points  were  pressed  in  the  same  order, 
sometimes  1  and  sometimes  2  points  being  used,  upon  the  same  part 
of  the  back  of  the  hand,  namely,  between  the  thumb  and  first  finger. 
The  results  are  as  follows :  Correct  four  or  five  times,  27  +  per 
cent. ;  three,  two,  one  or  zero  times,  72  +  per  cent.  In  the  same 
test,  the  records  from  250  Columbia  students  are:  Correct  four  or 
five  times,  63  per  cent.;  three,  two,  one  or  zero  times,  37  per  cent. 
This  evidence  supports  the  theory  that  the  tactile  discrimination 
of  the  feeble-minded  is  inferior  to  that  of  the  ordinary  person. 

§  16.    Application  of  the  Besvlts  to  the  Subject  Matter  Used  in  the 
Education  of  Defectives 

The  foregoing  conclusions  offer  some  suggestions  looking  toward 
changes  in  the  psychology  and  education  of  the  feeble-minded.  The 
difference  in  'kind'  as  treated  by  so  many  writers  reduces  itself  to 
a  difference  of  degree  of  excellence  in  certain  abilities,  or  perhaps  to 
a  difference  in  kind  of  treatment.  Just  as  cripples,  consumptives, 
anemic  people,  etc.,  though  differing  from  ordinary  people  in  degree 
of  bodily  health  or  strength  and  needing  special  kinds  of  treatment, 
are  yet  considered  as  belonging  to  the  class  of  people  in  general,  but 
as  falling  toward  the  lower  end  of  a  surface  representing  the  health 
of  all  kinds  of  people,  so  we  must  consider  defectives  as  differing 
from  'normal'  individuals  in  the  degree  of  ability  in  various  fields, 
though  needing,  possibly,  different  Tcinds  of  treatment  from  that 
required  by  others.  This  difference  in  kind  of  treatment  has  been 
considered  necessary  by  educators  of  the  feeble-minded  since  the 
time  of  Seguin.  Most  of  the  emphasis  has  been  laid  upon  the  need 
of  developing  and  training  the  physical  side  of  the  nature;  it  has 
been  held  that  this  bodily  training  is  important  because  of  its  effect 
on  the  mental.  Of  course  it  is  generally  accepted  that  health  of  the 
body  and  health  of  the  mind  are  closely  correlated,  that  a  poorly 
nourished  body  is  a  drawback  to  a  certain  extent  to  mental  growth 
and  development.  Indeed,  it  is  upon  this  theory  that  the  physiolog- 
ical methods  for  educating  the  feeble-minded  have  been  based.'^  How- 
ever, from  the  evidence  as  to  the  physical  development  of  the  de- 
fectives, presented  earlier  in  this  report,  it  would  seem  that  there  is 
not  so  much  need  for  this  kind  of  training  as  has  been  supposed. 
If  these  children  are  about  as  ordinary  children  in  their  bodily 
development,  then  they  do  not  need  any  more  of  the  physical  devel- 
opment than  do  school  children  in  general.  And  further,  the  plea 
for  giving  this  gymnastic  work  was  that  it  served  as  a  spur  on  the 


92  P8Y0H0L00Y  OF  MENTALLY  DEFICIENT   CHILDREN 

mental  side  as  well.  But  if  it  is  proven  that  from  the  standpoint 
of  bodily  health  they  do  not  need  it— that  is,  do  not  need  to  have  it 
emphasized— then  it  can  not  be  much  help  on  the  mental  side.  A 
further  argument  in  favor  of  this  method  has  been  that  it  not  only 
developed  the  body  but  also  increased  the  motor  control  and  coordi- 
nation of  muscles  and  so  developed  mental  control.  If  the  seeming 
lack  of  muscular  control  is  not  so  much  a  matter  of  muscles  as  it  is 
a  matter  of  mind,  and  if  the  benefit  on  the  mental  side  from  these 
exercises  is  gained  because  of  the  promptness  and  exactitude  de- 
manded in  all  class-gymnastic  work,  and  is  not  a  matter  of  muscular 
development  and  coordination,  then  it  may  be  that  this  mental  devel- 
opment could  come  just  as  well  through  some  other  means.  The 
defectives  probably  need  gymnastic  work  and  physical  training  for 
the  same  reasons  as  any  other  set  of  children  living  the  institutional 
life,  but  not  because  of  any  special  lack  of  bodily  health  or  develop- 
ment which  is  characteristic  of  them  as  a  class,   i 

The  lower  grades  of  mental  defectives  probably  do  need  physical 
training— not  for  any  effect  it  may  have  on  the  mental  development, 
but  for  its  own  sake.  In  many  instances  the  first  thing  necessary  in 
the  training  of  these  children  is  to  gain  their  attention,  to  arouse 
some  sort  of  interest,  and  to  this  end  the  physical  exercise  offers  the 
best  means.  Again  in  a  custodial  case  when  the  end  aimed  at  is 
simply  cleanly  habits  and  ability  to  care  for  himself,  the  prime 
requisite  is  that  the  defective  have  control  of  his  muscles  at  least  to 
some  degree— an  end  reached  by  physical  training.  If,  as  has  been 
suggested,  the  defectives  have  a  lower  temperature  than  normal,  this 
sluggishness  of  circulation  is  the  cause  of  all  sorts  of  skin  diseases, 
ulcers,  boils,  etc.,  and  especially  in  winter  weather,  when  outdoor 
occupation  is  at  a  minimum,  physical  training  offers  a  means  of 
stirring  up  the  circulation  through  brisk  exercise  and  therefore  has 
a  beneficial  effect  on  the  whole  system.  So  far  the  contention  has 
been  physical  exercise  for  its  own  sake,  but  there  is  one  way  in  which 
the  physical  training  may  be  a  direct  help  on  the  mental  side.  Self- 
-confidence brought  about  by  success  is  absolutely  essential  to  prog- 
ress ;  continual  lack  of  success  must  result  in  a  static  condition  and 
finally  in  retrogression.  The  physical  field  is  sometimes  the  one  in 
which  a  child  may  gain  his  first  success  most  easily— it  may  be  merely 
the  grasping  of  a  dumb-bell,  the  fastening  of  a  button,  the  climbing 
of  one  rung  of  the  ladder  or  the  keeping  step  with  others.  If  this  is 
true  then  it  is  the  first  step  of  progress  on  the  mental  side,  the  foun- 
dation-stone upon  which  self-confidence  may  be  built,  the  touchstone 
of  the  child's  ambition  no  matter  how  crude  or  elemental  it  may  be. 
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To  the  extent  that  this  is  true,  to  that  extent  may  the  physical  aid 
the  mental  training. 

The  field  for  the  initial  step,  however,  is  not  always  the  physicaL 
It  has  been  found  that  the  social  field  offers  great  opportimities  for 
the  stirring  up  of  dormant  faculties  or  for  the  arousing  of  interests. 
Hence  entertainments  of  all  kinds,  dances  and  displays  form  a  large 
feature  in  the  education  of  the  feeble-minded. 

Idiots  seem  to  be  like  other  children  in  the  small  amount  of  cor- 
relation that  exists  between  various  traits.     Despite  this  apparent 
lack  of  correlation,  public  opinion  insists  that  some  individuals  do 
excel  in  many  ways  and  that  some  idiots  are  inferior  in  almost  all 
directions.     Some  normal  persons  have  at  once  quickness  of  percep- 
tion^ concentration  of  attention,  wealth  of  associations  and  power  in 
abstract  and  logical  thinking  in  excess  of  their  fellows,  just  as  some 
of  the  idiots  are  far  below  their  comrades  in  all  these  abilities.     This 
fact  may  be  explained  by  the  great  number  and  partial  independence 
of  the  causes  making  human  nature.     In  the  millions  of  occurrences 
and  combinations  of  mental  and  physical  traits  found  among  man- 
kind, chance  will  account  for  a  certain  number  of  combinations  of 
the  best  of  each  trait.     And  so  by  chance  there  should  exist  indi- 
viduals who  do  excel  in  several,  probably  in  many,  abilities,  and  thus 
we  have  the  genius.     The  same  reasoning  will  account  for  all  grades 
of  intelligence  down  to  the  lowest  idiot.      Chance  may  cause  the 
occurrence  together  of  certain  traits  and  the  absence  of  others  in 
such  a  way  that  the  resulting  mentality  is  that  of  the  so-called  feeble- 
minded.     However,  there  should  logically  be  more  feeble-minded 
than  *  eminent'  men  in  the  world,  for  disease  must  help  in  lowering 
a  man's  grade  but  it  seldom  helps  to  raise  him  in  the  scale  of  human 
intelligence.     Among  idiots,  then,  are  all  sorts  of  combinations  of 
mental  and  physical  traits  just  as  there  are  among  people  in  general, 
but  the  tendency  of  that  combination  is  to  pull  them  down  to  the 
lower  extreme  of  human  ability.     As  Ireland  says,  **  Idiocy  or  im- 
becility comprehends  cases  quite  distinct  in  etiology,  pathology  and 
treatment,  which,  however,  unite  to  produce  the  deficiency  of  intel- 
lectual, nervous  and  muscular  power."     Perhaps  it  would  be  closer 
to  the  facts  if  it  read,  'which,  however,  may  unite  to  produce,'  etc. 
This  fact  of  the  lack  of  definite  lines  of  division  among  idiots 
themselves  and  between  idiots  and  people  in  general,  is  realized  by 
many  of  those  who  have  most  dealing  with  them— those  who  prac- 
tically live  among  them  in  the  institutions.      Dr.  Fernald,  of  the 
Institution   for  the  Feeble-Minded  at  Waverley,  Mass.,  says  **In 
theory  the  differences  between  these  various  degrees  of  deficiency  are 
marked  and  distinct,  while  in  practise  the  lines  of  separation  are 
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entirely  indefinite  and  individuals  as  they  grow  to  adult  life  may  be 
successively  classed  in  different  grades."  These  lines  of  division  are 
hair  lines  and  indefinite ;  if  not,  why  do  physicians  disagree  often  as 
to  whether  a  child  brought  to  them  for  treatment  is  an  idiot  or  not  ? 
There  seems  to  be  nothing  peculiar  and  special  which  marks  an  idiot 
off  from  people  in  general  and  by  which  he  can  always  be  known. 
The  traits  of  most  value  from  a  diagnostic  point  of  view,  namely, 
evidences  of  the  lack  of  intellectual  ability,  are  those  which  locate  the 
individual  at  the  fag  end  of  the  ordinary  curve  of  distribution  and 
consequently  are  those  least  likely  to  mark  him  out  apart  from  others. 
If  all  the  papers  of  the  idiots  tested  were  mixed  with  those  of  the 
school  children,  there  would  be  nothing  to  mark  them  as  those  of  a 
separate  class.  Were  any  one  required  to  pick  them  out  he  would 
have  to  follow  just  the  same  method  and  judge  in  just  the  same  way 
as  he  would  do  were  he  picking  out  the  brightest  among  ordinary 
children  or  the  mediocre  Or  the  dull.  This  idea  probably  comes  as  a 
shock  to  many,  for  we  have  used  the  words  *  idiot'  and  'feeble-minded' 
to  designate  an  individual  entirely  apart  from  people  in  general  and 
one  so  very  different  from  other  individuals  as  to  be  forever  identi- 
fied. But  this  is  not  so.  I  was  very  much  surprised  at  the  common 
sense,  judgment  and  thoughtfulness  of  many  of  the  children  with 
whom  I  came  in  contact  in  the  institutions. 

This  point  of  view  must  have  some  definite  bearing  on  the  general 
problem  of  the  education  of  these  children.  The  method  most  widely 
accepted  is  the  one  already  mentioned,  the  physiological  meliiod, 
which  was  suggested  by  Seguin.  Except  for  the  strong  emphasis 
which  is  placed  upon  the  physical  education,  the  method  seems  in 
general  to  be  the  kindergarten  method  as  we  know  it  in  the  public 
schools.  As  the  idiots  have  been  so  often  regarded  as  a  special  class, 
their  education  has  come  to  be  regarded  as  special  too,  being  con- 
sidered entirely  distinct  and  different  from  that  of  ordinary  children. 
It  can  be  easily  understood  that  this  must  be  the  case  were  the  fol- 
lowing views  to  be  held  in  the  extreme:  **The  memory  is  nearly 
always  weak  and  unreliable.  The  faculty  of  observation  limited 
within  the  more  elementary  lines  and  attention  is  both  difficult  to 
fix  and  hard  to  hold  without  unusual  effort  on  the  part  of  the 
teacher.  The  imagination  is  very  crude.  Such  children  are  capable 
of  the  most  meager  abstract  thinking,  and  their  powers  of  judgment 
aberrant  to  a  degree;  they  act  impulsively,  and  without  reason,  be- 
cause the  fundamental  principles  of  potentiality  in  this  respect  are 
inactive— inert. ''—Osborne.  ** Abstract  ideas  and  intellectual  per- 
ceptions are  dull  or  wanting  and  the  notions  of  foresight,  prudence 
and  self-preservation  are  deficient  or  feebly  developed.     The  memory 
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18  nsoally  weak.  .  .  .  The  power  of  attention  is  defective  or  often 
absent,  as  are  the  faculties  requiring  exercise  of  the  will.  .  .  .  The 
judgment  cannot  be  depended  upon."— F.  Beach. 

But  it  seems  that  these  children  are  not  so  very  different  from  i 
other  children  and  that  consequently  there  is  no  reason  why  their/ 
education  need  be.  As  Dr.  Femald  points  out,  **As  compared  with 
the  education  of  normal  children,  it  is  a  difference  of  degree  and  not 
of  kind.  With  these  feeble-minded  children,  the  instruction  must 
begin  on  a  lower  plane,  the  progress  is  slower  and  the  pupils  cannot 
be  carried  so  far."  That  the  instruction  must  begin  on  a  lower 
plane  and  that  it  must  be  of  a  kind  that  will  appeal  to  the  senses 
rather  than  to  the  intellect  goes  almost  without  saying.  But  whether, 
as  the  child  grows  older,  it  should  retain  that  characteristic  is  an- 
other matter.  Certain  it  is  that  the  idiot  is  more  easily  reached  by 
such  training,  but  whether  it  is  better  for  him  in  the  long  run  and 
whether  it  is  impossible  to  reach  him  in  the  same  way  that  we  do 
ordinary  children,  is  not  fully  decided.  If  the  idiot  is  simply  at  the 
extreme  of  the  ordinary  distribution  of  ability  and  is  characterized 
by  a  sluggishness  of  disposition  which  may  affect  both  mental  and 
physical  advance  and  development,  then  what  he  needs  is  stirring 
up,  encouragement  and,  if  need  be,  even  forcing  in  the  mental  field 
as  well  as  in  the  physical.  Theoretically  there  may  be  no  good 
reason  why  he  should  not  have  the  intellectual  work  which  is  re- 
quired of  school  children  in  general.  It  may  have  to  be  given  a  very 
little  at  a  time,  with  more  repetition,  illustration  and  amplification, 
but  still  it  could  probably  be  of  the  same  general  character  that  we 
find  in  the  best  schools.  Of  course  the  objection  is  raised  that  idiots 
fail  in  appreciating  abstract  ideas;  but  so  do  a  large  percentage  of 
ordinary  children.  How  much  do  the  school  children  really  under- 
stand and  appreciate  of  technical  grammar  or  mathematical  geog- 
raphy if  taught  in  the  grammar  grades  1  Here  again  the  difference 
is  simply  a  matter  of  degree.  It  is  very  probable  that  could  the 
idiot  once  be  taught  to  write  and  read  he  might  gain  more  and 
progress  more  quickly  than  he  does  by  the  present  methods  of 
education. 

Theoretically  there  may  be  no  objections  to  giving  the  feeble- 
minded something  more  of  the  intellectual  training,  but  practically 
there  may  be.  The  main  object  in  the  education  of  the  mentally 
deficient  seems  to  be  to  fit  him  to  become  self-supporting.  Although 
he  might  be  able  to  do  more  intellectual  work,  yet  he  could  never 
excel  in  the  field  of  intelligence  and  would  probably  never  be  able 
to  support  himself  by  the  pursuit  of  any  occupation  requiring  much 
mental  work.     For  the  same  reason,  then,  that  in  the  public  schools 
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Latin  and  Greek,  technical  grammar  and  much  of  mathematics  are 
becoming  of  less  importance,  and  manual  training,  domestic  science 
and  domestic  art  are  being  substituted  for  them— for  the  reason  that 
the  useful  as  well  as  the  cultural  side  of  life  is  more  and  more 
appealing  to  educators— for  that  same  reason  it  may  be  well  to  cut 
out  most  of  the  intellectual  work  in  the  training  of  the  idiot  and 
emphasize  the  hand  work.  This  is  the  method  followed  in  many 
institutions;  the  industrial  side  in  its  various  phases  is  emphasized. 
It  may  be  this  emphasis  rather  than  any  natural  aptitude  which 
accounts  for  the  fact  mentioned  by  Ireland,  when  he  says,  **It  strikes 
us  that  a  constructive  or  mechanical  turn  is  more  frequently  pre- 
served among  idiots  than  any  other  gift."  In  some  institutions  we 
do  find  the  feeble-minded  studying  physical  geography,  composition, 
music,  painting  and  arithmetic,  but  in  many,  and  among  them  some 
of  the  most  advanced,  it  is  the  laundry,  cooking  and  sewing  for  the 
girls  and  the  carpentry,  gardening  and  painting  for  the  boys,  to 
which  most  of  the  attention  is  given.  As  these  individuals  can  never 
be  leaders  among  men,  it  seems  the  best  plan  to  have  them  learn  a 
trade  rather  than  to  have  them  bother  over  the  more  intellectual 
kind  of  work.  However,  we  should  remember  that  this  is  probably 
a  matter  of  expediency  rather  than  one  of  necessity,  and  there  may 
be  much  that  is  good  on  the  other  side. 

It  is  certainly  true  that  the  more  like  ordinary  people  these  feeble- 
minded are  treated  the  more  like  people  in  general  they  will  become. 
As  they  tend  to  be  more  immature  than  other  children  they  are  open 
to  suggestion  for  a  longer  period  of  time.  They  should  have  schools, 
churches,  entertainments,  trades  and  the  like,  just  as  ordinary  people 
do.  They  need  not  be  mixed  in  with  people  in  general,  but  in  every 
case  they  should  be  made  to  feel  as  nearly  like  other  people  as 
possible. 

§  17.    Application  of  the  Results  to  the  Methods  Used  in  the 
Education  of  Defectives 

Is  the  present-day  criticism  of  the  modem  educational  methods 
are  three  points,  which  to  my  mind  have  vital  bearing  on  the  educa- 
tion of  the  feeble-minded  in  the  field  of  physical,  mental  and  indus- 
trial training.  In  the  first  place,  our  best  educators  believe  that 
but  a  short  time  should  elapse  between  an  act  and  its  result,  and  that 
in  most  cases  the  result  should  be  definitely  pleasurable  if  the  act  is 
a  desirable  one.  The  younger  the  child,  the  greater  the  force  of  this 
rule.  Taking  up  the  first  point,  if  much  time  elapse  between  the 
act  and  the  result,  whether  that  result  be  pleasurable  or  painful,  the . 
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result  has  lost  much  of  its  efficacy,  for  the  child  has  forgotten  the  act. 
If  not  completely  forgotten,  yet  the  impression  is  comparatively  dim 
by  reason  of  all  that  has  happened  between.  A  result  to  be  of  value 
as  influencing  a  future  act  must  be  so  closely  connected  with  that  act 
that  the  two  ideas  have  to  the  mind  something  of  the  same  vividness ; 
and  dose  sequence  is  the  best  means  of  securing  this  end.  The  second 
fact,  namely,  that  pleasure  should  follow  an  act  if  that  act  is  de- 
sirable, seems  to  be  one  of  nature's  fundamental  laws.  The  simplest 
method,  the  animal  method  of  learning,  is  the  one  which  has  been 
called  *the  selection  of  accidental  successes,'  and  the  selecting  factor 
is  always  pleasure.  Animals  learn  to  do  a  trick  when  some  reward 
is  offered,  and  the  movements  which  bring  the  reward  are  the  ones 
stamped  in.  If  the  result  be  indifferent  the  act  is  almost  as  likely 
to  be  obliterated  as  to  remain.  This  method  combined  with  imitation 
18  the  one  adopted  by  children  and  if  the  results  are  to  be  successful 
the  element  of  pleasure  must  enter  in.  When  *the  act'  becomes  a 
mental  one  instead  of  a  physical,  the  same  law  holds.  Here  the 
pleasure  may  be  of  a  higher  grade,  a  word  of  approbation,  a  smile, 
an  extra  piece  of  work  to  do,  but  reward  in  some  form  is  essential. 
This  rule  holds  good  with  the  training  of  ordinary  children  and, 
therefore,  must  hold  doubly  true  of  these  very  children— the  de- 
fectives. In  all  their  training,  physical,  mental,  moral  or  industrial, 
a  reward  of  some  kind  must  be  forthcoming— the  sooner  the  better 
if  the  act,  whether  chiefly  mental  or  physical,  is  desired  as  a  habit. 

The  second  point  of  note  is  the  influence  brought  to  bear  by  the 
psychology  of  memory  on  our  methods  of  teaching.  The  memory  of 
any  event  or  fact  depends  upon  two  factors,  the  native  retentiveness 
of  the  brain  substance  itself  and  the  number  of  associates  which  the 
particular  fact  has  in  terms  of  *  brain  paths.'  The  former  factor 
can  not  be  improved.  Every  individual  is  limited  so  far  as  memory 
is  concerned  by  the  kind  of  brain  with  which  he  was  endowed  at 
birth.  If  it  is  easily  impressed  and  also  one  which  retains  this  im- 
pression, other  things  being  equal,  that  person  will  have  a  good  mem- 
ory. This  being  true,  it  seems  rather  a  poor  way  to  improve  the 
memory,  either  of  ordinary  children  or  of  defectives,  to  employ  the 
method  of  repetition,  so  endeavoring  to  hammer  a  fact  home  by  mere 
brute  force.  The  better  method,  certainly,  would  be  to  work  along 
the  line  of  the  second  factor  determining  memory,  namely,  to  increase 
the  number  of  associates.  The  more  clues  there  are  connected  with 
any  one  fact,  the  more  likely  will  it  be  that  that  fact  will  come  to 
mind  when  wanted.  Now  this  method  seems  particularly  applicable 
to  the  defective  class  of  children  in  the  light  of  what  we  know  of 
the  brain  development  of  the  feeble-minded.     Hammarberg  found— 
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and  no  one  has  contradicted  his  statement— that  the  brains  of  de> 
f ectives  as  wholes  or  in  parts  were  poorly  developed,  not  so  much  in 
the  sense  that  the  cells  were  smaller  or  necessarily  ill  shaped,  but 
that  they  lacked  the  arborizations  and  the  multitudes  of  associative 
fibers  which  go  to  make  up  a  complex  cortex,  a  cortex  of  the  kind 
which  is  accompanied  by  intelligence.  This  fact  of  brain  anatomy 
seems  to  be  corroborated  by  the  results  noted  in  §  14,  namely,  that 
the  greatest  divergence  in  ability  between  ordmary  and  defective 
children  was  in  the  test  of  power  of  association.  This,  to  my  mind, 
is  the  test  of  intelligence— a  very  rough  one,  but  one  which  will  point 
out  those  individuals  who  fall  at  the  extreme  low  end  of  human 
ability,  those  who  fall  in  the  class  known  as  defectives.  Aldozen  or 
more  diflferent  traits  have  been  pointed  out  by  various  writers  as  the 
essence  of  feeble-mindedness— lack  of  judgment,  lack  of  will-power, 
lack  of  imagination,  or  lack  of  ability  to  look  at  consequences,  besides 
the  lack  of  ability  to  form  abstract  ideas,  etc.,  etc.  But  the  under- 
lying cause  of  all  these  lacks  is  this  inability  to  form  associates.  The 
specialization  of  this  ability  helps  us  to  understand  those  defectives 
who  are  above  par  in  some  one  particular  branch.  The  knowledge 
of  this  fact  helps  in  the  training  of  these  defectives. »  Physiology 
shows  that  a  high  rate  of  intelligence  goes  with  a  complex  cortex, 
that  the  existence  of  many  associations  and  the  like  is  paralleled  by 
an  increased  arborization ;  but  which  is  cause  and  which  is  effect  no 
one  knows.  However,  we  do  know  that  any  one  may  increase  his 
memory  in  any  line  simply  by  increasing  the  number  of  associates  in 
that  field.  The  resulting  suggestion  is  not  to  depend  only  upon 
repetition  to  fix  facts  but  to  let  the  same  fact  be  met  in  a  dozen  ways 
instead  of  simply  in  one.  Of  course  in  the  case  of  some  of  the  lower 
grades  of  defectives  the  process  would  have  to  be  very  slow  and  very 
simple.  But  certainly  what  the  defectives  need  is  an  increased  power 
of  association  in  its  broadest  sense;  and  when  nature  has  provided 
two  ways  of  securing  such  power,  one  of  which  is  much  narrower 
than  the  other,  it  behooves  us  to  use  both  and  certainly  not  to  neglect 
the  broader  of  the  two. 

The  third  point  of  modem  criticism  which  was  mentioned  as 
particularly  adapted  to  the  defectives  grows  directly  out  of  this  and 
concerns  the  facts  or  associates  to  be  given  to  the  children  in  schooL 
Shall  we  consider  them  simply  as  storehouses  and  pack  away  in  their 
brains  everything  that  they  may  possibly  need  at  some  future  datet 
Or  shall  we  consider  them  as  living  beings,  living  as  children  a  life 
as  full  and  rich  as  they  ever  will  live  as  adults,  and  hence  give  them 
in  school  and  home  facts  which  they  really  need  and  in  the  way  in 
which  they  will  need  them?     As  evidence  that  the  second  point  of 
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view  is  the  one  which  is  being  accepted  more  and  more  in  our  public 
schools,  witness  the  presence  of  manual  training,  domestic  science, 
nature  study  and  the  absence  of  much  of  the  Latin,  Greek  and  mathe- 
matics of  fifty  years  ago.  Psychology  certainly  supports  this  point 
of  view.  Interest  and  attention— and  if  attention  then  memory, 
understanding,  appreciation,  etc.— go  hand  in  hand.  Voluntary  or 
forced  attention  is  of  value  largely  because  interest  may  result— if  it 
does  not,  the  attention  passes  to  something  else.  Now  interest  is 
dependent  largely  on  use.  *  Consciousness  is  in  its  very  nature  im- 
pulsive.' Anything  that  the  child  or  adult  needs— finds  a  use  for— 
must  of  necessity  be  interesting;  for  it  brings  pleasure  in  some  de- 
gree. The  outcome  of  this  must  be,  to  preserve  the  child,  of  what- 
ever degree  of  intelligence  he  may  be,  from  dry  facts  for  which  he 
has  no  use,  for  to  him  they  are  not  facts!  They  can  only  be  artificial 
and  his  interest  can  not  be  in  them  to  any  degree ;  his  attention  must 
be  forced  and  his  understanding  and  memory  of  them  must  be  super- 
fidaL  Give  him  living  facts,  things  that  he  is  really  wanting  to 
know  about— if  necessary  create  or  make  felt  the  need,  but  by  all 
means  have  the  need  and  therefore  the  interest  present  I  This  per- 
haps is  an  extreme  statement  of  the  case  for  the  ordinary  child  with 
our  artificial  requirements  of  modem  civilization,  but  for  the  de- 
fective it  is  not  extreme.  It  is  the  only  possible  means  of  progress 
for  him.  In  his  training  let  the  facts  which  he  gets,  the  habits  which 
he  forms,  be  living,  vital  ones;  let  everything  function  then  and 
there— the  sooner  the  better.  Let  the  result  be  pleasurable  as  often 
as  may  be,  so  as  to  reach  interest  and  through  that  medium  the 
understanding. 

The  question  which  has  always  confronted  the  student  of  de- 
fectives and  which  still  confronts  him  is  *what  is  the  ultimate  end 
of  the  feeble-minded  t'  The  answer  has  been  stated  in  decided  terms 
by  some  writers— **  We  can  not  cure  what  is  not  a  disease  but  a  de- 
fect, and  that  which  the  cradle  rocks  the  spade  will  cover.''— Barr. 

But  to-day  we  realize  that  between  ordinary  children  and  de- 
fectives there  is  a  difference  not  of  kind  but  of  degree,  that  there  may 
be  every  grade  of  deficiency,  *  passing  insensibly  into  ordinary  intel- 
ligence'—'that  the  lines  separating  one  class  of  deficiency  from  an- 
other are  hair  lines  and  artificial  in  the  extreme.'  Hence  we  may 
feel  that  the  case  is  not  quite  so  hopeless.  When  we  see  the  weak 
wills,  poor  imaginative  powers,  poor  memories,  inability  to  deal  with 
abstract  subjects  possessed  by  people  considered  normal  in  the  world 
to-day,  the  thought  forces  itself  upon  us  that  probably  we  are  most 
of  us  defective  in  some  field  and  to  some  degree.  We  believe  that 
for  us  all  there  is  a  possibility  of  improvement,  and  so  we  find  there 
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is  hope  for  the  defective.  Few  of  us  ever  expect  to  reach  the  status 
of  eminence,  but  some  of  us  may ;  and  so  may  some  of  those  classed 
as  feeble-minded  or  defective  reach  ultimately  the  class  spoken  of  as 
normal.  Some  from  the  London  defective  classes  have  done  so.  For 
many  of  them,  there  must  remain  only  custodial  care  on  one  hand, 
the  colony  on  the  other.  It  is  all  a  matter  of  degree.  The  danger 
is  to  think  that  we  definitely  know  the  point  which  may  be  reached 
at  the  higher  end.  Until  we  know  more  about  the  psychology,  the 
physiology  and  the  chemistry  of  human  life  at  its  lower  extreme,  it 
is  unwise  to  prophesy  the  possibilities. 

Until  then  all  we  can  do  is  to  have  as  high  ideals  as  are  practical 
and  to  develop  the  individual  to  the  highest  possible  standard— which 
standard  must  be  discovered  in  the  process,  not  determined  upon 
beforehand— physically,  mentally  and  morally. 

In  summing  up  this  whole  matter  I  would  say  that  the  diflEerence 
between  idiots  and  other  people  is  one  of  degree  and  not  of  kind. 
The  same  difference  exists  between  the  very  bright  among  school 
children  and  the  mediocre,  and  between  the  mediocre  and  the  stupid, 
as  exists  between  the  idiot  and  the  ordinary  person,  and  in  some  cases 
the  former  differences  are  greater  in  degree  than  the  latter. 

Consequently  we  must  criticize  the  methods  of  educating  idiots 
from  the  same  standpoint  and  use  the  same  arguments  either  for  or 
against  that  we  do  in  criticizing  the  methods  and  curricula  used  in 
the  general  education  of  the  masses.  They  are  not  special  and 
peculiar  in  any  other  sense  than  the  one  in  which  the  dull,  stupid 
child  is  peculiar  when  compared  with  the  bright,  quick  child.  What 
in  education  is  not  good  for  the  idiot  is  probaWjr  not  good  also  for 
at  least  10  per  cent,  of  school  children  at  large. 
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+  2.0 

m 

+  9.0 

—  1.0 

+  1.0 

+  5.0 

m 

Na 

52 
B9 
64 
65 
66 
67 
68 
69 
70 
71 
72 


Dictotion. 

1st 

2lld. 

+  1.0 

+  5.0 

+  1.0 

+  1.0 

+  4.0 

+  6.0 

0.0 

—  1.0 

+  2.0 

+  2.0 

0.0 

+  2.0 

—  3.0 

0.0 

+  1.0 

—  1.0 

0.0 

—  S.0 

—  6.0 

+  1.0 

0.0 

—  1.0 

TABLE   XXXIX. 


8rd. 
—  11.0 
0.0 


+ 

+ 
+ 


1.0 
4.0 
6.0 
S.0 

—  6.0 

—  1.0 
+  10.0 

—  4^0 

+  s.0 


4th. 


Total. 


—  5.0 

+  12.0 

+  U^0 

—  4.0 

+   6.0 

0.0 

+    3.0 

+    7.0 

+  17.0 

—  1.0 

+  4^0 

—   8.0 

—  17.0 

+    1.0 

0.0 

+   2.0 

+   9.0 

—  2.0 

—  11.0 

+   1.0 

+   S.0 
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Na 

Dietetton. 

Tbtal. 

in. 

2ild. 

8nL 

4Ul 

7S 

-4.0 

—  5.0 

+ 

6.0 

— 

4.0 

—   5.0 

7^ 

—  2.0 

— i.o 

+ 

1.0 

—   2.0 

75 

—  7-0 

+  4.0 

0.0 

+ 

1.0 

+  4.0 

80 

4-5.0 

+  S.0 

+ 

9.0 

0.0 

+  11J0 

81 

-f  1.0 

0.0 

+ 

2.0 

+ 

1.0 

+    4.0 

82 

4-2.0 

+  i.o 

+ 

1.0 

+  4.0 

83 

+  3.0 

+  1.0 

+ 

2.0 

— 

2.0 

+   4.0 

84 

0.(^ 

0.0 

+  12.0 

+ 

2.0 

+  14.0 

86 

-f«.o 

♦     +5.0 

+ 

9.0 

— 

2.0 

+  12.0 

87 

—  1.0 

+  i.o 

— 

7.0 

— 

4.0 

—  11.0 

88 

0.0 

0.0 

+ 

3.0 

+ 

6.0 

+   8.0 

89 

0.0 

+  1.0 

+ 

3.0 

+ 

6.0 

+   9.0 

90 

—  4.0 

+  4.0 

— 

6.0 

— 

8.0 

—  14.0 

91 

4-«.0 

—  S.0 

— 

S.0 

+ 

S.0 

—  1.0 

93 

0.0 

+  6.0 

— 

4.0 

+ 

9.0 

+  10.0 

12S 

&1.0 

+  5.0 

— 

8.0 

+ 

1.0 

—  1.0 

m 

—  2.0 

+  9.0 

— . 

14.0 

0.0 

—  1S.0 

TABLE  XL. 

Na 

Palte. 

WtTitt. 

Block  1M. 

Man. 

Maie. 

Amt 

Touchet. 

62 

—  20.0 

-«4 

—   93 

0.0 

—   9.0 

—   6.0 

6S 

—  18.0 

—  iJB 

—  1S.9 

0.0 

0.0 

+  21.0 

64 

+  22.0 

+  1.2 

+   7.7 

—  3.0 

—  2.0 

+  4.0 

66 

+  21.0 

—  0.2 

+   7.7 

+  12.6 

+    0.6 

+   2.0 

66 

—  S2.0 

+  0.5 

-  4.1 

+   S.5 

—  2.0 

+    9.0 

67 

—  9.0 

-0.4 

+  4.7 

—   S.0 

—  9.5 

+  8S.0 

69 

—  13.0 

+  2.8 

—   4.7 

+    7.6 

—   2.6 

+   1.0 

70 

+  4^.0 

+  04 

—  5.S 

+  17.0 

—  12.0 

+  45.0 

71 

—  1.5 

—  6.0 

+   5.5 

—  24.0 

72 

+  i«.o 

—  «JB 

—  6.8 

+  12.0 

+  4.0 

+    S.0 

7S 

—   7.0 

—  5.0 

+  4.7 

—  10.5 

+   2.5 

—  10.0 

74 

—  20.0 

—  «.8 

—  1S.S 

+   1.0 

75 

0.0 

— i-« 

-  54 

—  1.5 

—  9.0 

-  4.0 

77 

—  5.0 

—  0.8 

—   9.9 

—  10.5 

0.0 

—  1S.0 

80 

—  10.0 

—  2.0 

+    2.5 

+  4.5 

+  5.0 

—  26.0 

81 

+  10.0 

—  0.8 

—    1.6 

+    1.0 

—   3.6 

—   8.0 

82 

+   5.0 

—  5.2 

0.0 

+    1.0 

—  8.0 

—   9.0 

83 

+    9.0 

—  1.6 

+    2.6 

+   0.6 

+  10.6 

—  60.0 

S4 

—  1.0 

—  2.2 

—  11.5 

+    9.0 

—   7.0 

+  26.0 

85 

-14.0 

—  1.6 

-  4.8 

+   S.0 

—  4.5 

+  27.0 

87 

—  25.0 

+  2.2 

-124 

+   9.5 

+   9.0 

—  11.0 

88 

+    1.0 

—  0.6 

+    1.6 

—   2.0 

—  2.0 

+    2.0 

89 

—  17.0 

—  0.6 

+    6.6 

—  16.0 

—   1.5 

+  16.0 

90 

—  21.0 

—  1.2 

+  17.6 

—  18.0 

0.0 

+    6.0 

91 

—  6.0 

—  1.2 

—  19.S 

+    S.0 

—  4.0 

+    6.0 

93 

—  Ifi.O 

+  1.4 

0.0 

+  11.0 

—  29.0 

123 

—  4.0 

—  1.8 

-   4.5 

+   1.5 

—  lOJS 

+  3S.0 

m 

—  12.0 

—  0.2 

—   0.9 

+   5.0 

0.0 

+  16.0 

127 

—   6.0 

—  0.2 

+    1.0 

—    1.0 

—  9.0 

+  42.0 
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TABLE 

XLT. 

Na 

InteUigence. 

Memorj. 

Maturity. 

62 

^0J5 

—  S^ 

—  1J9 

6S 

0,0 

+  5.0 

—  L7 

64 

-f  0.3 

+  0.6 

+   3.7 

06 

+  4.6 

—  0.6 

+    4.3 

66 

+  4.S 

+  5.5 

+   2J9 

67 

0.0 

+  4-0 

+  8J2 

68 

-H2.8 

—  8.6 

—   1.0 

69 

+  0.7 

0.0 

+    6.6 

70 

+  M 

+  9.0 

+   5.5 

71 

0.0 

—  5.5 

—  6.S 

72 

—  1.0 

—  0.5 

+  6.4 

76 

—  O.S 

0.0 

+   5,9 

U 

+  5.6 

—  0,5 

+  4^6 

75 

+  4^ 

+  1.0 

—  OS 

77 

—  1.7 

—  1.0 

—  2,6 

80 

+  2.6 

+  5.5 

+   0.6 

81 

—  2.1 

+  2.0 

+  3.3 

S2 

+  1.« 

+  5.0 

+   6£ 

83 

+  1.8 

+  1.6 

+    3.6 

84 

+  5.5 

+  5.0 

+    2  J 

85 

+  M 

+  5.0 

+   S.0 

87 

+  4.0 

—  6^ 

+   2.8 

88 

+  0.1 

+  8.0 

+    8.6 

89 

+  1.8 

+  6.0 

+    7.9 

90 

+  2.8 

—  8.6 

+    3.9 

91 

+  1J 

—  1.0 

+    0.6 

93 

+  1.3 

+  6.0 

—  0.7 

96 

+  0J 

+  12^ 

97 

—  OJ 

—  1.5 

98 

+  0.02 

+    4.3 

100 

+  5.(? 

101 

+  «.7 

+   5.5 

103 

+  3.2 

+    2.6 

104 

+  2.0 

+    6.0 

106 

+  2.7 

+    3.6 

107 

+  2.0 

—   0.3 

108 

+  5.(? 

+   2.S 

109 

+  1.5 

110 

+  1.0 

—  5,0 

111 

+  2.0 

0.0 

112 

—  0.6 

—   0.6 

113 

+  0.8 

+    4.6 

m 

-{■2.0 

+  12.8 

115 

+  0.7 

+   1,8 

116 

+  2.0 

+   4.3 

119 

+  5.0 

+    2.6 

120 

—  3.8 

—  15.0 

125 

+  0.3 

+    2.6 

127 

+  1.1 

+    2.2 
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IM 

—  M 

129 

+  1.1 

130 

—  0.6 

131 

+  4.7 

ISS 

+  iJB 

m 

+  1.0 

Mttnoiy. 


H- 

tJS 

+ 

6.6 

+  12.0 

H- 

Sj6 

+ 

4J 

§  19.    Keys  Used  in  Marking  the  Tests 

Opposite  1 

bad  good  (r). 

inside  outside  (r),  out  (.5),  outdoors  (.5). 

slow  quick  (r),  fast  (r),  slowly  (.5). 

short  taU  (r),  big  (.5). 

little  big  (r),  tall  (.5). 

soft  loud  (r),  hard  (r),  rough  (.5). 

black  white  (r). 

dark  light  (r),  daylight  (r). 

sad  happy  (r),  glad  (r). 

true  false  (r),  falsehood  (.5). 

dislike  like  (r),  love  (r). 

poor  rich  (r). 

well  sick  (r),  ill  (r),  badly  (r). 

sorry  glad  (r),  happy  (r). 

thick  thin  (r). 

full  empty  (r). 

peace  war  (r). 

few  many  (r),  a  lot  (r). 

below  above  (r),  over  (r),  on  top  (r). 

enemy  friend  (r),  companion  (r). 


Opposite  2 

good  bad  (r). 

outside  inside  (r),  in  (.5),  indoors  (.5). 

quick  slow  (r),  lazy  (.5),  slowly  (.5). 

tall  short  (r),  little  (.5),  low  (.5). 

big  little  (r),  short  (.5). 
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loud 

soft  (r),  low  (r),  whisper  (.5). 

white 

black  (r). 

light 

dark  (r). 

happy 

sad  (r),  sorry  (r),  sorrow  (.5). 

false 

true  (r),  right  (.5),  truth  (.5). 

like 

different  (r),  dislike  (r),  unlike  (r),  hate  (r). 

rich 

poor  (r). 

sick 

well  (r),  healthy  (r). 

glad 

sorry  (r),  mad  (r). 

thin 

thick  (r),  broad  (.5). 

empty 

full  (r),  filled  (r). 

war 

peace  (r). 

many 

few  (r),  none  (r). 

above 

below  (r),  under  (r). 

friend 

enemy  (r). 

door 

pillow 

letter 

leaf 

button 

nose 

cover 

page 

engine 


Part-Whole  Test 

anything  that  usually  has  a  door  (r). 

couch  (r),  bed  (r),  sofa  (x). 

word  (r),  alphabet  (r),  envelope  (x). 

tree  (r),  plant  (r),  book  (r). 

anything  usually  having  buttons. 

face  (r),  head  (r),  cheek  (x). 

book  (r),  bed  (r),  kettle  (r). 

book  (r). 

train  (r),  car  (r). 

window  (r),  door  (r),  tumbler  (x). 


Genus-Species  Test 

book  name  of  any  book  or  specific  class  name. 

tree  specific  tree  or  class. 

room  name  of  any  room. 

toy  anything  used  to  play  with,  play  (x). 

name  any  particular  name. 

dish  any  particular  dish. 

boat  any  kind  of  boat. 

game  any  game,  toy  (x). 

plant  any  particular  plant. 

fish  any  kind  of  fish. 
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Noun  Test 

book  If  only  the  ten  nouns  were  marked  or  if  either 

read  'one'  or  'play'  was  marked  as  well,  the  child  was 

one  given  a  perfect  mark.     In  all  other  cases  the  words 

hat  in  italics  were  scored  wrong. 

doll 

play 

if 

cup 

ball 

she 

desk 

"black 

good 

stone 

ring 

dress 

run 

dish 

Dictation 

2  2  2  2 

1.     (I  have)  (one  head)  (two  eyes)  (two  hands) 

2 
(and  ten  fingers)  =  10. 
2  2  2  2  2 

•2.     (I  sit)  (in  my  seat)  (I  read)  (from  a  book)  (I  write) 

2 
(with  a  pencil)  =  12. 
22222222  2 

^'S.    land  2  are  3.    3  and  4  are  7.    5  and  6  (are  more  than  10)  =18. 
2  2  2  2 

=4.     (In  the  morning)  (I  go)  (to  school)  (after  school) 

2  2  2  2 

(I  play)  (at  night)  (I  go)  (to  bed)  =16. 

Change  of  order  equals  one  half. 

in  my  chair  '\  from  the  book  1  - 

•(2)     in  the  seat    r  =1-  out  of  a  book  j 

on  my  seat  J  with  the  pencil  =  1. 

2  11 

*'(3)     5  and  5  are  ten  =  4. 

=(4)     in  the  afternoon     1  - 

when  school  is  out  J 


in  the  evening  =  1. 
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Fig.  33.     Maze^  showing  the  units  of  amount  which  were  regarded  bjs  equal. 
These  were  determined  by  experiment. 


1. 

Girl- 

6. 

Giri- 

7. 

Girl- 

9. 

Girl- 

10. 

Girl- 

^?. 

Girl- 

13. 

Girl- 

14. 

Girl- 

19. 

Qirl- 

23. 

Girl- 

24. 

Girl- 

27. 

Girl- 

29. 

Girl- 

32. 

Girl- 

36. 

Girl- 

39. 

Girl- 

42. 

Boy- 

43. 

Girl- 

44. 

Girl 

45. 

Boy- 

46. 

Boy- 

47. 

Boy 

49. 

Boy 

§20.    Characteristics  of  the  Defectives  Tested 

-overgrown— poorly  nourished— very  nervous. 

-flighty— irritable— spoiled— talked  poorly. 

-sister  of  6— timid— clumsy— used  only  single  syllables. 

-large  head— vicious-  expression. 

-overgrown— rather  small  head— stupid. 

-lame— excessively  nervous— talks  all  the  time. 

-appears  all  right— rather  slow. 

-appears  all  right— very  sensible. 

-little  attention— afraid  of  everything. 

-appears  all  right. 

-stupid  expression— enlarged  tonsils. 

-very  large  head— wandering  expression. 

-epileptic— one  hand  shrunken. 

-appears  all  right  but  very  timid. 

-very  small  head— expression  vacant. 

-small  head— rather  stupid  in  appearance. 

-giggles— rather  shifty  eyes— otherwise  appears  all  right. 

-very  bad— eyes  unsteady— glassy— talks  poorly— walks 
clumsily. 

-too  stout— epileptic— expression  all  right. 

-one  side  of  face  affected,  also  hands  and  feet— talks 
poorly— eyes  queer. 

-very  small— head  small  and  biassed— eyes  unsteady- 
peculiar  looking. 

-rather  moody— bright  sensible  face— seemingly  all  right 
all  through. 

-legs  paralyzed— talked  sensibly— wants  to  go  to  work. 
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50.  Girl— eyes  unsteady— staring— month  open— walks  poorly. 

51.  Boy— just  a  typical  bad  boy— comes  from  reform  school- 

bright. 

53.  Boy— rather  silly— giggles— walks  peculiarly. 

54.  Boy— giggles  a  little— eyebrows  raised— otherwise  appears  all 

right. 

55.  Boy— eyes  a  little  crossed— seemingly  all  right  and  bright 

looking. 

56.  Boy— feet  paralyzed— almost  blind— talks  poorly. 

58.  Girl- epileptic— very  slow— drags  feet— very  affectionate. 

59.  Boy— silly  looking— cross-eyed— walks  clumsily— mouth  open. 

60.  Boy— very   bad— misshapen    head,    mouth    and    ears— walks 

clumsily— talks  much. 

61.  Girl— rather  peculiar— nothing  special. 

62.  Boy— silly  looking— mouth  open. 

63.  Boy— mouth  breather. 

64.  Girl— slow  and  timid. 

65.  Girl— mind  sketchy— cross-eyed. 

66.  Boy— vacant  expression. 

67.  Boy— very  slow— mouth  open— left-handed— bright  eyes. 

69.  Girl— sensible  looking— eyes  peculiar— tires  easily. 

70.  Boy— very  slow— old  face— very  helpful. 

71.  Boy— nothing  special— rather  bright  looking. 

72.  Boy— mouth  open— rather  repulsive  face. 

73.  Boy— mouth  open— head  stoops  forward. 

74.  Boy— intelligent  looking— lazy. 

75.  Boy— nothing  special. 

76.  Boy— face  misshapen— left-handed— can't  write— slow. 

77.  Boy— very   deaf— throat   obstructed— conscious   of  defects- 

bright  eyes. 

78.  Boy— mouth  open— dribbled— sleepy  eyes. 

79.  Boy— sharp  face— head  stoops. 

80.  Boy— face  misshapen— very  intelligent  and  appears  all  right 

81.  Girl— bright,  refined  child— intelligent— seemingly  nothing  the 

matter. 

82.  Boy— bright  face— firm  chin— seems  all  right. 

83.  Girl— heavy  looking. 

84.  Boy— wears  glasses— left-handed— talks  rather  peculiarly. 

85.  Boy— generally    shrunken    appearance— bright    expression- 

cross-eyed— mouth  open. 

86.  Boy— rather  heavy— mischievous. 

87.  Boy— nothing  particular— very  bass  voice. 

88.  Girl— nothing  particular. 
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90.  Girl— heavy— stout— smiles  vacantly— very  slow. 

91.  Boy— rather  wizened— nothing  particular. 

92.  Girl- tired  looking. 

94.  Boy— puffy  face— rather  angelic-looking— aggressive. 

127.  Girl— bright,  nervous— eyes  rather  unsteady. 

139.  Boy— rather  repulsive— eyes  staring— mouth  open— waddles. 

140.  Boy— rather  stupid— eyes  unsteady. 

141.  Boy— cross-eyed  but  looks  bright. 

142.  Girl— eyes  staring,  otherwise  looks  all  right. 

143.  Boy— rather  sleepy  looking— cries  readily— lanky. 

144^.    Boys— twins— seemingly  all  right— both  bright  and  happy. 

146.  Boy— vacant  expression— misshapen  ears. 

147.  Boy— does  not  talk— eyes  unsteady— walks  unsteadily. 

148.  Boy— very  repulsive— eyes  staring— mouth  open— talks  poorly 

—hands  and  feet  affected. 

149.  Girl— epileptic— seems  all  right  but  slow. 

150.  Boy— very  nervous  and  uneasy— peculiar  motion  of  head  when 

talking— talks  much. 

151.  Boy— one  side  paralyzed— staring  eyes— mouth  open. 

152.  Boy— bright  face— talks  indistinctly— walks  with  difficulty- 

hands  affected. 

153.  Girl— quick  blinking— talks  incessantly   and   incoherently— 

drags  feet  slightly. 

154.  Girl— lanky— talks  indistinctly— hands  and  feet  slightly  af- 

fected. 

156.  Girl— does  not  talk— mouth  open— walks  poorly. 

157.  Girl— seems  all  right— inclined  to  be  moody. 
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PREFACE. 

The  present  article  is  intended  to  be  one  of  a  series  dealing  with 
the  functions  of  different  parts  of  the  cerebrum^  more  particularly 
with  the  so-called  association  areas.  The  publication  of  the  present 
work  has  been  considerably  delayed,  owing  to  the  pressure  of  other 
duties,  but  it  is  hoped  that  the  second  article  of  the  series,  dealing 
with  the  parieto-occipito-temporal  association  area,  will  be  ready 
soon. 

The  experiments  contained  in  this  monograph  were  made  at 
three  institutions:  The  Harvard  Medical  School,  the  Dartmouth 
Medical  School,  and  the  McLean  Hospital.  I  am  under  obligation 
to  the  officers  of  these  institutions  for  assistance  and  advice  in  many 
ways. 

An  account  of  the  experiments  on  cats  has  been  previously  reported 
in  the  American  Journal  of  Physiology,  and  for  permission  to  repub- 
lish part  of  this  work  I  am  indebted  to  the  editor.  Dr.  W.  T.  Porter. 
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I.    INTRODUCTION  AND  HISTORICAL 

Aside  from  philosophical  speculation  the  brain  is  generally  ad- 
mitted to  be  the  part  of  the  body  most  intimately  associated  with 
the  mental  life.  In  popular  terms,  it  is  the  ''seat  of  the  mind." 
This  view  has  been  held  and  advocated  for  several  centuries,  but 
not  until  about  fifty  years  ago  did  it  receive  universal  acceptance. 
At  diflferent  times,  by  different  schools  or  individuals,  attempts  were 
made  to  locate  in  the  cerebrum,  cerebellimi  or  mid-brain  certain  men- 
tal processes  and  to  mark  off  accurately  the  part  or  parts  of  the  ner- 
vous system  concerned  with  definite  psychological  states.^ 

The  methods  which  have  been  employed  in  these  attempts  may 
be  briefly  designated  as  anatomical,  ph3rsiological  and  clinico-patho- 
logical.  By  careful  dissections  anatomists  have  been  able  to  deter- 
mine the  distribution  of  nerves  to  the  muscles,  skin  and  other  organs, 
and  often  to  trace  the  paths  of  groups  of  nerve  fibers  within,  as  well 
as  without,  the  central  nervous  sjrstem.  From  these  studies  infer- 
ences may  be  drawn  regarding  the  fimctions  of  different  parts  of  the 
spinal  cord,  cerebellum,  mid-brain  and  cerebrum.  The  special 
methods  of  physiological  research  are  those  of  stimulation  and  extir- 
pation. By  electrical  or  other  stimulation  of  portions  of  the  nervous 
system  in  animals  chiefly  motor  and  vascular  reactions  are  obtained. 
These  results  are  of  the  highest  value  for  a  proper  interpretation  of 
function,  particularly  when  they  are  combined  with  the  effects  or 
functional  losses  that  follow  experimental  ablations  and  destruc- 
tions. By  itself  the  extirpation  method  is  valuable  chiefly  by  reason 
of  its  applicability  to  regions  of  the  cerebrum  which  are  not  excita- 
ble, or,  rather,  which  do  not  produce  noticeable  effects  upon  stimula- 
tion. Clinico-pathological  and  neurological  investigators  have  been 
able  to  study  in  man  the  effects  of  destructions,  from  accidents  and 
neoplasms,  and  of  disturbances  of  fimction,  from  emboli,  thrombi 
and  hemorrhages,  of  parts  of  the  brain;  and  their  examinations  have 
been  most  valuable  in  that  the  results  were  obtained  from  man.  It 
can  hardly  be  doubted  that  the  accidental  nature  of  the  brain  lesions 
in  man  limits  the  application  of  the  method,  and  Ferrier  has  urged, 
probably  too  strongly,  that  the  results  of  clinical  inquiries  are  valua- 
ble mainly  as  confirmations  of  the  stimulation  and  extirpation  meth- 

^  An  excellent  account  of  the  historical  development  of  ideas  regarding  the 
cerebrum  will  be  found  in  an  article  bySouryinRichet:  Diciionnaire  de  Physi- 
ologies II.,  pp.  547-670.  For  some  of  the  matter  of  this  section  the  author  is 
indebted  to  Sonry's  work. 
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ods  of  the  ph3rsiologi8ts.^  In  the  attempts  to  detemuDe  the  rela- 
tion of  the  brain  to  the  so-called  higher  mental  processes,  it  appears 
to  me  that  the  observations  of  the  effects  of  cerebral  disease  and 
injury  in  man  are  of  greater  potential  value  than  hundreds  of  experi- 
ments on  animals.'  The  faculty  of  speech  alone  makes  it  possible 
to  acquire  information  regarding  the  presence  or  absence  of  associa- 
tional  ability,  and  the  speech  losses  and  disturbances  are  in  them- 
selves psychical  association  disorders  which  have  been  most  success- 
fully investigated. 

The  history  of  the  localization  of  brain  functions  is  made  up  of 

I  contradictory  results,  recrimination  and  speculation.    Philosophers 

and  theologians  combatted  the  attempts  to  imderstand  the  workings 

of  the  brain,  and  not  until  about  1860  did  belief  and  dogma  give  way 

to  a  general  spirit  of  investigation. 

It  is  to  Gall  and  Spurzheim  that  we  owe  the  lively  interest  of  the 
French  of  fifty  years  ago  and  of  their  successors  in  the  localization 
of  the  functions  of  the  cerebrum.  Clinical  and  pathological  obser- 
vations, ph3rsiological  experiments  and  careful  dissections  were  the 
foundations  of  their  ideas.  For  them  the  mind  was  not  a  simple 
thing  but  an  aggregation  of  different  faculties,  and  they  did  not 
hold  with  earlier  writers  that  it  could  not  exist  in  space,  but  was 
determinable  solely  in  time.  <' There  are  as  many  different  systems 
(in  the  brain  and  other  parts  of  the  central  nervous  S3rstem)  as  there 
are  different  fimctions.  Each  S3rstem  of  the  animal  life  is  double. 
These  double  S3rstems  are  united  by  means  of  commissures.  In 
virtue  of  all  this,  there  does  not  and  can  not  exist  any  common  centre 
for  all  our  sensations,  all  our  thoughts  and  all  our  actions,  and  finally 
the  unity  of  the  ego  will  always  remain  a  mystery."*  In  their 
system  of  phrenology  the  authors  attempted  a  correlation  between 
the  shape  of  the  head  and  certain  intellectual  states,  but  they  were 
careful,  particularly  in  their  earlier  publications,  to  point  out  that 
the  correlation  was  really  between  brain  shape  and  mental  conditions* 
The  form  of  the  craniimi,  they  said,  is  determined  by  the  \mderl3ring 
brain  and  in  the  latter  the  moral  and  intellectual  qualities  have  their 

^  Functions  of  the  Brain ^  London,  1886,  p.  370. 

*  I  have  previously  pointed  out  that  most  of  the  results  adduced  by  dini- 
dans  to  support  the  view  of  the  seat  of  the  'intellectual  faculties'  in  the 
frontal  lobes  are  inconclusive.  Journal  of  the  Amer,  Med,  Assn,^  47: 1464- 
1467,  1906.    See  also  Section  II.,  pp.  23ff  of  the  present  article. 

■  F.  J.  Gall  et  G.  Spurzheim,  Recherches  sur  le  systhne  nerveux  en  gintrale^ 
et  sur  celui  du  urveau  en  particulier,  Paris,  1809,  pp.  viii  +  378.  The  above 
conclusions  are  found  on  p.  168. 
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seats.  The  head  and  its  bones  indicate  only  the  degree  of  develop- 
ment of  the  cerebrum  and  cerebellmn.  The  term  physiognomy 
(phrenology  being  a  branch  of  physiognomy)  "is  used  to  imply  a 
knowledge  of  the  external  signs  which  imply  internal  qualities."^ 
The  attempts  at  a  mental  and  ph3r8ical  correlation  were,  we  now 
know,  based  upon  a  false  anatomy  of  mind.  The  observations  con- 
tained in  their  anatomical  books  are  most  valuable  and  far  ahead 
of  the  times  in  which  they  lived.  The  greatest  value  that  is  to  be  at- 
tached to  their  work,  however,  is  not  that  they  gathered  and  reported 
facts  but  that  their  work  aroused  interest  in  brain  anatomy  and 
phj^ology,  and  produced  much  opposition,  discussion,  and,  conse- 
quently, thought  in  their  contemporaries  and  in  later  generations. 

Twenty  years  later  Rolando  published  an  observation  of  physio- 
logical importance,  but  the  experiment  does  not  seem  to  have  been 
repeated  by  him  or  by  his  co-workers,  and  its  significance  was  not 
understood.  This  was  the  electrical  stimulation  of  the  cerebrum. 
He  says:*  "I  introduced  a  wire  from  a  Volta  cell  into  the  cerebral 
hemispheres  and  placed  it  now  on  one  point,  again  on  another,  while 
the  other  pole  was  applied  to  different  parts  of  the  body.  From 
these  experiments  repeated  on  different  quadrupeds  and  on  birds, 
I  have  obtained  only  violent  contractions,  and  I  observed  that  these 
were  much  greater  when  the  metal  conductor  penetrated  the  cere- 
bellum." In  the  hands  of  succeeding  investigators  the  application 
of  the  electric  current  produced  no  noticeable  results,  and  soon  the 
dictum  arose  that  the  cerebral  cortex  is  not  irritable  in  the  manner 
that  was  found  to  be  the  case  with  the  nerves,  the  spinal  cord,  the 
medulla  and,  above  all,  the  cerebellum.  We  now  understand  that 
the  negative  results  may  have  been  due  to  ill-judged  use  of  the  elec- 
tric current,  to  hemorrhages  or  cerebral  lacerations  during  the  opera- 
tion, or  to  a  number  of  other  factors.  For  a  generation — ^until  the 
time  of  Hitzig — suitable  experimental  conditions  for  the  irritation 
of  the  cortex  by  electricity  were  not  obtained,  and  the  medulla  and 
cerebellmn  were  thought  to  be  chiefly  concerned  in  the  production 
and  coordination  of  voluntary  movement.  This  hypothesis  received 
its  greatest  support  from  the  experiments  of  Flourens. 

The  methods  of  stimulation  and  extirpation  were  extended  by 
Flourens  to  all  parts  of  the  nervous  system.    His  experiments  yielded 

*  P.  2  of  G.  Spurzheim,  Phrenology  in  Connection  ttnth  the  Study  0/ 
Physiognomy,  Part  I,  London,  1826,  pp.  191.    34  plates. 

*  Saggio  sopra  la  vera  struttura  del  cervello  e  sopra  le  funzioni  del  sistema 
nervooa.  Sperienza  sul  cervello  del  mammiferi.  2nd  edit.,  1828,  p.  183.  Quoted 
by  Sonry,  Op.  cit.,  p.  616. 
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results  much  in  accordance  with  the  physiological  and  philosophical 
tenets  of  the  times.  Some  of  the  early  errors  were  confirmed  and 
strengthened,  although  many  advances  were  made.  Three  mental 
functions  are  differentiated  and  given  seats  in  special  portions  of  the 
nervous  system.^  These  functions  are,  he  said,  (A)  perception  and 
volition,  i,  e.  intelligence,  (B)  receiving  and  transmitting  of  impres- 
sions, i.  e.  sensibility  J  and  (C)  movement  and  coordination  of  move- 
ment. The  intellectual  and  perceptive  states  are  functions  of  the 
cerebrum,  movement  is  brought  about  by  the  medulla  oblongata 
and  the  nerves,  and  coordination  of  movement  is  effected  by  the  cere- 
bellum. ''The  cerebral  lobes  are  not  the  seat  either  of  the  immediate 
principle  of  muscular  movements,  or  of  the  principle  that  coordi- 
nate the  movements  in  walking,  jumping,  flying,  standing."  They 
are  the  exclusive  seat  of  volition  and  perception.  ''There  are  not 
different  seats  for  the  different  mental  faculties  or  for  the  different 
perceptions.  The  faculty  of  perceiving,  of  judging,  or  of  wishing  a 
thing  resides  in  the  same  place  as  that  of  perceiving,  of  judging  or 
of  wishing  any  other."  The  preservation  or  the  loss  of  functions 
of  intelligence  depends  not  upon  a  given  point  in  the  cerebral  lobes, 
but  upon  the  degree  of  general  alteration  of  the  lobes,  whatever  the 
point  or  points  which  are  affected.  A  single  cerebral  lobe  or  hemi- 
sphere suflSces  for  the  complete  exercise  of  intelligence.  Many  of 
his  conclusions  seem  to  be  directed  principally  against  the  phreno- 
logical systems,  and  to  strengthen  his  position  Flourens  had  to  disre- 
gard a  nmnber  of  facts  learned  since  the  time  of  Gall  and  Spurzheim. 
These  facts  were  gathered  chiefly  by  clinicians,  and  they  tended  to 
show  that  there  are  separate  centers  in  the  cerebrum. 

The  work  of  Lallemand,  of  Parchappe  and  of  Bouillaud  deserves 
mention  in  this  connection.  They  developed  clinical  methods  and 
gathered  pathological  data  which  enabled  them  to  point  out  the  re- 
lationship of  parts  of  the  cerebrum  to  definite  conditions  of  a  mental 
order.  To  Parchappe  is  due  the  credit  of  having  demonstrated 
clearly  that  the  gray  substance  is  the  'seat  of  intelligence,  will  and 
sensibility.'  Previous  to  his  time  the  cerebral  cortex  was  believed 
to  be  a  sort  of  secretion  of  the  pia  mater,  and  it  was  not  considered 
fimctionally  related  to  the  underlying  white  fibrous  matter.  Lalle- 
mand and  Bouillaud  found  that  muscular  paralyses,  the  inability  to 
move  muscles  voluntarily,  were  accompanied  by  destructions  or  dis- 
turbances of  the  cerebrum.  The  conclusion  was  evident  that  the 
cerebrum  is  the  seat  of  volition  and  that  the  medulla  and  cerebelliun 

*  Flourens,   Recherches  expMmeniales  sur  Us  proprikUs  et  les  fondions 
du  systhne  nerveux  dans  les  anitnaux  vertibrSst  Paris,  1842. 
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are  not  conoemed  chiefly  with  the  initiation  of  the  impulses  that 
produce  voluntary  bodily  movements.  Lallemand  furthermore  noted 
the  fact  that  in  people  who  were  paralyzed  and  anesthetic  in,  say, 
a  limb  only  one  portion  of  the  cerebrum  was  disorganized.  His 
conclusion,  which  has  been  advocated  in  recent  years,  was  that  ''the 
sensations  are  perceived  by  the  same  portions  of  the  brain  that  pro- 
voke muscular  contractions,  because  in  all  cerebral  affections  the 
same  parts  are  deprived  of  movement  and  feeling." 

It  was  Broca,  however,  that  showed  most  clearly  the  great  value 
clinical  and  pathological  observations  have  in  the  determination  of 
brain  functions.  With  the  possible  exception  of  the  work  of  Hitzig, 
the  publications  of  Broca  gave  the  greatest  impetus  towarda^the 
localization  of  cerebral  functions.  He  was  the  first  to  fight  strongly 
against  the  doctrine  of  Flourens — ^which  was  current  at  that  time — 
that  the  brain  acted  as  a  whole  for  all  mental  operations.  His  great- 
est contribution  was  the  establishment  of  a  definite  relation  of  the 
third  frontal  convolution  and  part  of  the  temporal  lobes  to  the  faculty 
of  speech.  From  1861,  when  Broca  described  his  celebrated  cases, 
the  question  regarding  the  brain  changed.  Soon  all  were  compelled 
to  say  with  him:  "I  believe  in  the  principle  of  localization.  I  cannot 
admit  that  the  complicated  form  of  the  cerebral  hemispheres  is  a 
sport  of  nature.*  We  do  not  know  whether  each  convolution,  con- 
sidered alone,  has  a  fimction  different  to  those  of  neighboring  convolu- 
tions; concerning  this  we  can  make  only  suppositions.  We  do  know, 
however,  that  the  totality  of  the  convolutions  does  not  constitute 
a  single  organ,  but  many  organs  or  many  groups  of  organs,  and  that 
there  are  in  the  cerebrum  large  discrete  regions  corresponding  to  large 
discrete  mental  functions."  The  doctrine  of  Gall  and  Spurzheim 
was  defended  and  vindicated,  and  faith  in  the  views  of  Flourens  was 
shaken.  The  clinico-pathological  studies  which  followed  Broca's 
lead  seemed  to  confirm  the  contentions  he  made,  but  it  remained 
for  another  to  complete  the  overthrow  of  the  older  ideas  by  means 
of  researches  carried  on  in  an  allied  field.  From  the  physiological 
side  Hitzig  completed  the  fight  against  the  conception  that  the  totality 
of  the  brain  was  concerned  with  every  individual  idea,  sensation  or 
act. 

In  1870  Hitzig  with  Fritsch  published  the  now  famous  article  on 


^  Broca,  Sur  le  si^ge  de  la  faculty  du  langage  articul^,  Bull,  Soc.  Anai, 
de  Paris ^  1861,  p.  330. 
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the  electrical  excitability  of  the  oerebrum.^  Previous  to  this  time 
the  leading  opinions  and  teachings  were  that  the  cerebrum,  and 
more  especially  the  cerebral  cortex,  was  inexcitable.  Forty  years 
before,  it  is  true,  Rolando  had  foimd  that  muscular  movements 
could  be  produced  if  one  pole  of  a  cell  was  placed  in  contact  with  the 
cerebrum  and  the  other  placed  on  other  parts  of  the  body.  We  now 
know  that  the  motor  effect  produced  with  this  sort  of  stimulation 
may  have  been  due  to  a  stimulation  of  any  part  of  the  nerve-muscle 
apparatus.  Few  precautions  were  taken  by  Tlolando  to  insure  solely 
the  galvanization  of  the  cortex  or  of  the  cerebral  fibrous  matter. 
One  of  the  electrodes  in  his  experiments  was  placed  on  parts  of  the 
body  other  than  the  cerebrum,  and  it  is,  therefore,  difficult  to  say 
whether  or  not  the  muscular  contractions  were  due  to  stimulation 
of  the  cerebrum,  of  the  spinal  cord,  of  the*  nerves  or  of  the  muscles. 
It  is  probable  that  the  cerebral  cortex  or  the  subadjacent  fibres  were 
directly  stimulated.  The  experiments  of  Fritsch  and  Hitzig  were 
free  from  this  error.  Precautions  were  taken  to  stimulate,  as  far  as 
possible,  only  the  cortex,  and  the  results  which  they  obtained  were 
imdoubtedly  due  to  the  action  of  the  electric  current  upon  the  cere- 
brum. The  excitable  portion  of  the  dog's  cerebrum,  they  foimd,  is 
in  the  anterior  region  and  they  attribute  the  failures  of  previous  in- 
vestigators to  stimulate  the  cerebrum  to  the  fact  that  the  latter 
w6rked  upon  the  posterior  lobes.  Hitzig,  furthermore,  confirmed 
the  fact  of  localization  of  the  motor  centers  in  the  dog  by  extirpating 
in  animals  these  areas,  thus  producing  paralyses  in  the  correspond- 
ing muscles.  Two  years  later  Hitzig  published'  an  account  of  a  case 
of  abscess  of  the  cerebrum  from  which  he  was  able  to  conclude  that 
the  motor  centers  in  the  dog  correspond  in  position  to  those  in  man. 
Later  experiments  enabled  Hitzig  to  locate  visual  perceptive  pro- 
cesses in  the  occipital  regions  of  the  cortex.  After  destruction  of 
the  occipital  lobes  he  foimd  that  an  animal  or  man  becomes  blind. 
The  experiments  were  immediately  repeated  by  many  observers, 
new  experimental  and  clinical  facts  were  reported,  old  ones  were  col- 
lected. Many  objected  to  Hitzig's  interpretation  of  the  data  and 
other  explanations  were  offered,  but  these  will  be  more  profitably 

^  Ueber  die  elektrische  Erregbarkeit  des  Grosshims,  Reichert  u.  DuBais 
ReymofuVs  Atchiv^  1870,  Heft.  3.  The  article  is  reproduced  in  Hitzig, 
Physiologiscke  und  klinische  UnUrsuchungen  uber  das  Gehim.^  1904,  Th.  i, 
pp.  8-35. 

'  Ueber  einen  interessanten  Abscess  der  Hirtirinde,  Arch./.  Psychiat,  u. 
Nervenkrankheiten^  3,  231-241,  1872. 
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discussed  when  the  motor  and  sensory  areas  are  being  considered 
in  detail.^  Among  Hitzig's  successors  who  have  contributed  most 
to  the  solution  of  the  problems  by  extirpation  and  stimulation  meth- 
ods may  be  mentioned  Ferrier,'  Goltz,"  Horsley,*  Munk,*  Schafer*  and 
Sherrington. 

^  A  genenl  account  of  recent  literature  on  the  localization  of  cerebral  func- 
tions 18  given  by  C.  v.  Monakow :  Ueber  den  gegenwartigen  Stand  der  Prage 
nach  der  Lokalization  im  Grosshim.  Ergebnisse  derPhysiologie^  I.t  ^i  1902, 
pp.  534-665 ;  III.,  a,  1904,  I03-I22.  V.  Monakow  gives  references  to  846  ar- 
ticles, monographs  and  books. 

"  LocalixaHoH  of  Cerebral  Disease^  1878 ;  Functions  of  the  Brain,  2nd 
Edit.,  z886;  and  numerous  researches  in  the  Proceedings  and  Philosophical 
Transactions  of  the  Royal  Society,  1874  £f. 

'  Ueber  di€  Verrichtungen  des  Grosshims,  1881,  and  articles  in  Archiv.f 
d,  ges.  Physiologic  (Pfluger*s),  1881  £f. 

^  Articles  in  Brain,  in  the  Proceedings  and  in  the  Philosophical  Transac- 
tions of  the  Royal  Society,  1886  ff.  See  also  Schafer's  general  discussion  in  his 
Text  Booh  of  Physiology,  1900,  Vol.  II.,  pp.  697-782. 

*  Ueber  die  Fundionen  der  Grosshimrinde,  i88x;  Ueber  die  Fuhlsphdren 
der  Grosshimrinde,  1892-6 ;  Sehsphdre  und  Rautnvorstellungen,  1891. 


II.    CONSIDERATION   OF   PHYSIOLOGICAL  AND  CLINICO- 

PATHOLOGICAL    STUDIES    OF    THE    FRONTAL 

LOBES 

''It  will  be  seen  that  if  we  mark  off  upon  the  siirface  of  the  cere- 
brum the  areas  from  which  a  response  to  stimulation  is  obtainable, 
and  to  which  we  can  with  some  probability  ascribe  a  definitely  local- 
ized function,  whether  motor  or  sensory,  a  large  proportion — ^rela- 
tively much  larger  in  man  than  in  monkey,  and  becoming  progres- 
sively smaller  in  descending  the  scale  of  intelligence  in  mammals — 
remains  over.  With  regard  to  these  portions  of  the  surface  which 
for  the  sake  of  brevity  we  may  speak  of  as  the  inexcitable  or  latent 
portions,  since  they  are  distinguished  from  the  rest  by  the  fact  that 
their  excitation  produces  no  obvious  response,  and  their  excision 
no  definite  paralysis,  their  function  is  at  present  a  matter  of  con- 
jecture."^ These  inexcitable  regions  have  been  called  by  Flechsig 
the  'association  areas,'  and  they  are  supposed  to  be  the  means  of  as- 
sociating the  incoming  and  outgoing  impulses  and  of  being  the  rendez- 
vous of  the  sensory  impulses.  Three  separate  regions  have  thus 
been  described — the  frontal,  the  parieto-occipital  and  the  insular 
centers. 

From  careful  microscopic  examination  of  the  cell  lamination  and 
fiber  arrangement  in  the  cortex,  with  consideration  of  clinical  and 
physiological  data  CampbelP  divides  the  frontal  portion  (i.  e. 
the  portion  anterior  to  the  fissure  of  Rolando  and  superior  to  the 
fissure  of  Sylvius)  of  the  cerebrum  into  four  distinct  sections.  The 
area  adjoining  the  fissure  of  Rolando — the  ascending  frontal  con- 
volution— Campbell  calls  the  precentral  area,  having  the  function  of 
motor  control.  Anterior  to  this  is  an  area — the  intermediate  pre- 
central— which  may  also  be  concerned  with  production  of  movement. 
The  frontal  area  comprises  in  man  most  of  the  first  and  second  and 
a  small  part  of  the  third  frontal  convolutions;  on  the  mesial  aspect  a 
portion  of  the  cortex  l3dng  above  the  knee  of  the  corpus  callosum, 
and  a  small  area  of  the  orbital  lobe.  This  is  distinctly  an  'associa- 
tion area.'  Anterior  to  this — at  the  tip  of  the  frontal  lobe — is  the 
prefrontal  area.  This  extends  on  the  mesial  surface  to  the  limbic 
lobe  and  takes  in  all  the  orbital  cortex  in  front  of  the  transverse 
orbital  fissure.    This  is  or  may  become  an  association  area.    Previous 

*  Schafer:  Textbook,  II.,  p.  769. 

'  A.  W.  Campbell :  Histological  Studies  on  the  Localization  0/ Cerebral 
Function,  1905,  pp.  xix  +  360.    29  PL 
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investigators  have  not  so  carefully  divided  the  frontal  region,  and  in 
the  consideration  of  results  on  the  frontal  lobes  the  three  anterior 
areas — ^prefrontal,  frontal  and  intermediate  precentral — ^have  generally 
been  grouped.  So  far  as  possible  it  will  be  my  purpose  to  consider 
only  the  results  from  the  frontal  and  prefrontal  areas  and  these  will 
usually  be  grouped. 

Four  functions  have  been  assigned  to  the  frontal  lobes — ^move- 
ment, inhibition,  attention  and  association.  Munk  and  Ferrier  •^ 
have  reported  motor  derangements  following  extirpation  of  the  fron- 
tals,  and  Ferrier  has  obtained  movements  on  stimulation  of  the  cor- 
tex. Schafer  seems  inclined,  owing  to  the  results  obtained  by  some 
Italian  investigators,  to  consider  the  frontals  as  inhibitory  organs, 
and  Ferrier  and  Langelaan  have  assigned  to  these  regions  the  func- 
tion of  'attention.'  Bianchi,  Hitzig,  Flechsig  and  many  clinical 
observers  think  that  the  'intellectual  processes'  have  their  seat  here. 

A.  The  Frontal  Lcbes  as  Motor  Centers, — Munk  has  reported^  that 
after  extirpation  of  the  frontal  lobes  in  dogs  the  animals  show  a  motor 
paralysis  of  the  trunk  muscles,  and  an  inability  to  turn  to  the  side  of 
the  lesion.  The  accuracy  of  these  observations  has  been  questioned 
by  all  who  have  worked  on  the  matter  outside  of  Munk's  laboratory. 
Ferrier,  Goltz,  Horsley  and  Schafer  and  many  others  failed  to  find , 
any  disturbance  of  the  trunk  muscles  after  extirpation  of  the  frontal 
region,  and  Goltz  reports  a  case  of  a  dog  in  which  the  animal  was  able 
to  turn  aroimd  to  obtain  meat  tied  to  its  tail  after  both  frontals 
were  excised.  Ferrier  and  Goltz  are  particularly  severe  in  their  criti- 
cisms of  Munk's  work,  the  former  asserting  that  much  of  Munk's 
work  is  imtrustworthy,  and  that  in  particular  his  ''assertions  as  to 
the  effects  of  lesion  of  the  prefrontal  region  have  as  little  foundation 
as  many  others  of  his  utterances  on  cerebral  physiology."'  In  the 
animals,  cats  and  monkeys,  on  which  I  have  operated  I  have  not  noted 
any  disturbance  of  the  trunk  muscles.  The  cats  could  jump  and 
turn  and  the  monkeys  sat,  walked,  climbed,  etc.,  as  well  after  the 
removal  of  the  frontals  as  before. 

Ferrier,  however,  assigns  other  motor  fimctions  to  these  portions 
of  the  cerebrum.  Following  extirpations  he  found  transient  disturb- 
ance of  the  ability  to  move  laterally  the  eyes  and  the  head,  and  in 
one  monkey,  in  which  the  frontals  "had  been  almost  completely  ex- 
tirpated, and  which  suryived  in  perfect  health  for  nearly  three  months 
after  the  operation,  microscopical  examination  revealed  the  existence 
of  descending  sclerosis  in  the  innermost  or  mesial  bimdles  of  the  in- 

>  Sitzungsbtr,    Berlin  AM.  d.  IViss.,  1892-1896,  and  Op.  cit. 
'  Functions  of  the  Bruifii^.  400. 

i- 
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temal  capsule  and  foot  of  the  cms  cerebri  on  either  side"  (p.  398). 
Similar  examination  of  another  animal  gave  like  results  and  Ferrier 
concludes  that  the  ''frontal  centers  are  concerned  with  the  movements 
of  the  head  and  eyes."  Stimulation  of  the  frontal  regions  gave  move- 
ments of  the  head  and  eyes  to  the  opposite  side  with  dilatation  of  the 
pupils.  Occasionally,  the  excitation  of  the  prefrontals  brought  about 
movements  of  the  head  and  eyes  but  the  results  in  this  region  were 
not  constant  and  they  may  have  been  due  to  the  spreading  of  the 
stimulus.  Grflnbaum  and  Sherrington*  have  confirmed  some  of  Fer- 
rier's  results.  On  the  brain  of  a  chimpanzee,  they  mark  off  an  area 
principally  in  the  second  frontal  lobe,  stimulation  of  which  produced 
eye  movements.  This  area  presented  ''marked  differences  of  reac- 
tion from  the  motor  area  of  the  Rolandic  region and  it 

seems  necessary  to  distinguish  it  in  a  physiological  category  separate 
from  that."  The  authors  here  distinguish  physiologically  those 
regions  which  we  have  seen  Campbell  later  differentiated  through 
his  histological  studies.  Ferrier  thinks  the  prefrontal  cortex  func- 
tions similar  to  the  frontal,  although,  as  we  shall  see  later,  he  assigns 
to  it  a  function  other  than  motor.  After  extirpation  of  the  frontals 
and  prefrontals  in  cats  and  monkeys  I  have  not  foimd  any  apparent 
difficulty  in  moving  head  and  eyes.  My  observations  were  made  usually 
not  until  about  twenty-four  hours  after  the  operations,  and  it  is  possi- 
ble that  in  these  animals  there  may  have  been  some  slight  transitory 
effects  of  this  character.  The  heads  of  my  animals  were  well  bandaged 
after  the  operations  and  if  the  disturbance  (so  far  as  head  movements 
are  concerned)  was  slight,  it  may  have  escaped  me.  The  cases  which 
I  most  carefully  observed  could  the  day  following  the  ablation  of  the 
frontals  follow  with  their  eyes  the  movement  of  food.  One  animal, 
a  monkey,  had  a  slight  strabismus  when  bought,  and  this  condition 
appeared  to  be  aggravated  by  the  operation.  It  was  impossible 
to  measure  the  degree  of  the  motor  defect  either  before  or  after  the 
operation,  and  it  is  probable  that  the  seeming  increase  in  the  strabis- 
mus was  due  to  the  head  bandage. 

B.  The  Frontal  Lobes  a«  Centers  of  Inhibition. — ^From  the  results 
of  the  experiments  of  Fano,  Libertini,  Oddi  and  Rendiconti'  SchMer 
regards  as  possible  an  inhibitory  fimction  for  the  frontal  lobes.  After 
the  extirpation  of  the  frontal,  and  especially  of  the  prefrontal,  lobes 
"the  time  and  intensity  of  spinal  reflexes  is  stated  to  become  short- 

^  Obsenrations  on  the  Physiology  of  the  Cerebral  Cortex  pf  Some  of  the 
Higher  Apes,  Proc.  Roy.  Sdc,  69:  206-309,  1901. 

'  Referred  to  by  Schafer,  p.  773,  from  which  place  the  quotation  that  fol- 
lows was  taken.  I  have  not  seen  the  original  articles  and  in  the  magazines  at 
my  disposal  only  a  short  review  of  Libertini's  work  is  given. 
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ened;  while  on  the  other  hand,  stimulation  of  these  regions,  and 
eepecially  of  the  prefrontal,  is  said,  in  the  dog,  to  cause  prolongation 
of  latency  and  diminution  in  intensity  of  spinal  reflex  responses. 

.  .  .  .  Very  little  effect  was  got  by  stimulating  the  occipital 
region,  and  none  from  the  parieto-temporal."  Ziehen*  criticizes 
the  results  of  Libertini  on  the  ground  that  the  reflex  time  was  not 
measured  and  that  in  the  animal  during  its  unoperated  condition 
the  average  variation  in  Libertini's  experiments  was  found  to  be 
very  large.  The  hypothesis  of  the  inhibitory  function  of  the  fron- 
tal lobes  would  account  for  the  restlessness  and  unceasing  activity 
of  those  animals  from  which  the  frontals  had  been  excised,  but  many 
animals  do  not  show  this  unrest.  On  the  contrary,  dogs,  cats  and 
monkeys  often  decome  dull,  apathetic,  indifferent  and  somnolent 
after  removal  of  the  frontals  and  these  conditions  are  more  likely 
due  to  an  increased  inhibition. 

C.  The  Frontal  Lobes  as  Centers  for  Attention. — On  the  basis  of  a 
motor  theory  of  attention  Ferrier  and,  apparently,  Langelaan  and 
Beyerman  explain  the  results  of  their  investigations.  Ferrier  found, 
it  will  be  remembered,  that  destruction  of  the  frontal  lobes  produced 
paralysis  for  lateral  movements  of  the  head  and  eyes'  and  that  oc- 
casionally on  stimulation  of  the  prefrontal  lobes  these  move- 
ments were  obtained.  After  loss  of  the  prefrontals  an  animal 
appeared  to  lose  the  "power  of  looking  at,  or  directing  the  gaze  to- 
wards, objects  which  did  not  fall  spontaneously  within  the  field  of 
vision."  There  was  an  ''aspect  of  uninterest  and  stupidity,  the  ab- 
sence of  that  active  cimosity  which  is  normally  manifested  by  mon- 
keys, and  the  mental  degradation  which  seems  to  depend  on  the  loss 
of  the  faculty  of  attention  and  all  that  it  implies  in  the  sphere  of  intel- 
lectual  operations. '  *' 

The  point  of  departure  of  the  work  by  Langelaan  and 
Beyerman*  was  that  Winkler  had  found  respiratory  and  heart 
rhjrthm  changes  when  the  frontal  lobes  were  stimulated,  that 
attentive  states  are  accompanied  by  shortening  of  the  time  of 
expiration,  which  becomes  superficial,  and  by  accelerated  heart  beat, 
and  that  in  relaxed  attention  there  is  a  retardation  of  respiration, 
with  a  tendency  to  deeper  expiration,  and  a  slowing  of  the  heart. 
By  destro3mig  in  dogs  a  portion  of  the  cortex  near  the  sigmoid  gyrus 
the  authors  obtained  irregular,  retarded  respirations,  accompanied 

1  Neurol,  CentralbL,  15:  589-590,  1896. 

«  Op,  cit„  p.  465. 

'  J.  W.  Langelaan  and  D.  H.  Beyerman,  On  the  Localization  of  a  Respir- 
atory and  a  Cardio-motor  Center  in  the  Cortex  of  the  Frontal  Lobe,  Brain, 
a6:  81-93,  1903. 
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by  deep  sighs,  for  a  period  of  ten  or  twelve  days.  Two  patients  who 
were  operated  on  in  the  frontal  region  of  the  cerebrum  showed  irr^u- 
lar  respiration  following  operations.  The  authors  conclude  from 
their  cases  and  operations  on  animals  that  the  two  functions — ^respira- 
tory and  cardiac — are  controlled  by  the  cortex  at  the  base  of  the 
second  frontal  convolutions,  near  the  area  governing  the  conjugate 
movements  of  the  head  and  eyes.  In  the  reports  of  the  two  clinical 
cases  in  which  operations  took  place  Langelaan  and  Beyerman  do 
not  give  the  mental  condition  of  the  patients  before  and  after  the 
operations,  and  it  should  be  stated  that  the  conclusion  regarding 
the  attention  fimction  of  the  frontal  lobes  is  not  explicitly  stated 
in  their  article.  It  seems  evident,  however,  that  they  wish  to  cone- 
late  the  respiratory  and  cardiac  phenomena  with  the  process  of  at- 
tention. 

In  the  work  both  of  Langelaan  and  of  Ferrier  movements  of 
attention  are  confoimded  with  attention  itself.  With  this  con- 
ception of  attention  we  can  readily  imderstand  the  conclusions  which 
have  been  drawn  from  their  work.  This  frontal-lobe-attention  hy- 
pothesis accoimts  for  the  motor  derangements,  which,  we  have  seen, 
do  not  support  the  'inhibition'  conjecture.  On  the  other  hand, 
several  objections  may  be  urged  against  the  attention  explanation. 
In  some  cases  of  frontal  injury  and  destruction  in  man  no  mental 
change  has  been  recorded.  It  may  be  true  that  these  cases  were  not 
well  observed,  but  it  would  be  impossible  to  have  the  attention  altered 
without  an  obvious  change  in  other  mental  states.  Moreover,  if 
the  organ  which  makes  attentive  states  possible  were  destroyed  we 
should  not  expect  that  an  animal  could  acquire  new  associations  or 
adapt  itself  to  new  environments.  On  the  contrary,  however,  I 
have  found  that  bilateral  as  well  as  imilateral  destruction  of  the  frontal 
lobes  does  not  prevent  the  acquirement  of  habits  by  an  animal.  This 
matter  will  be  discussed  in  more  detail  in  a  later  section.  To  sum 
up  it  may  be  said  that  regardless  of  any  psychological  analysis  or 
definition  of  attention  the  weight  of  evidence  seems  to  me  to  be  against 
considering  the  frontal  lobes  solely  as  attention  centers. 

D.  The  Frontal  Lobes  as  Centers  for  InteUecttuil  States. — ^The  opin- 
ion that  the  frontal  lobes  are  concerned  with  the  so-called  higher 
mental  processes  has  been  held  by  Broca,  by  Hitzig,  and  by  many 
otheiB.  Much  of  the  ph3rsiological  and  especially  the  clinical  evi- 
enoe  supports  this  supposition,  but  there  are  many  negative  cases 

bioh  must  be  considered. 

Poor  collections  of  clinical  cases  of  injury  to  or  of  tumors  in  the 
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frontal  lobes  are  worthy  of  note.  These  have  been  made  by  Welt/ 
by  Phelps,'  by  Muller,'  and  by  Schuster.*  Welt  has  collected  69 
eases  of  lesion  of  the  frontal  lobes  in  man,  and  of  these  only  21  showed 
mental  changes.'  Two-thirds  of  the  cases  reported  showed  no  change 
in  intellectual  capacity  or  in  character.  An  examination  of  Welt's 
eases  shows,  however,  that  many  of  them  were  reported  sixty  or  more 
years  ago,  and  at  a  time  when  ph3r8icians  and  clergy  were  antago- 
nistic to  facts  in  favor  of  localization.  In  some  of  the  records  details 
are  lacking  regarding  the  mental  life  of  the  patients  and  these  are 
naturally — ^but  possibly  erroneously — considered  as  having  shown 
no  mental  chaiiyge.  The  celebrated  crowbar  case  (1850)  and  the 
case  described  by  Nobele  (1835)  are  among  the  ones  which  in  oppo- 
sition to  the  accepted  belief  of  the  time  show  mental  deterioration 
or  change  following  injiuy  to  the  frontal  lobes. 

The  collection  made  by  Mtiller  is  of  more  recently  reported  cases, 
but  the  author  concludes  from  the  examination  of  the  material  that 
tumors  in  the  frontal  region  are  not  always  productive  of  disturb- 
ance of  the  higher  mental  faculties,  although  they  are  frequently 
accompanied  by  some  mental  change.  Three  cases  cited  by  MfiUer 
are  worthy  of  special  mention.  These  are  reported  by  D£vic  and 
Gourmont,  by  Durante  and  by  Rossolimo.  The  patient  described 
by  D^vic  and  Gourmont  was  a  woman,  46  years  old,  who  had  a  glioma 
the  size  of  a  walnut  in  the  right  frontal  lobe.  She  had  become  men- 
tally weak,  stuporous,  depr^sed  and  suicidal,  with  motor  imrest. 
An  operation  was  decided  upon  and  carried  out  and  the  glioma  re- 
moved. Following  the  operation  there  was  a  return  to  the  normal 
condition  in  a  short  time.    A  similar  case  of  operation  on  the  left 

^  L.  Welt,  Ueber  Charakterveranderungen  des  Menschen  infolge  von 
Lasionen  des  Stimhims,  Deutsches  Archiv,  /.  klin.  medicin,  42:  339-390, 
1888. 

'  C.  Phelps,  (A)  Differential  Diagnosis  of  Traumatic  Intracranial  Lesions, 
N.  y.  Med, /our.,  60:  SS7-S^^*  7'o-7i6,  741-745.  779-785f  807-S15,  1894;  61: 
8-14.  37-43.  1895. 

(B)  Traumatic  Injuries  of  the  Brain,  Second  edition,  1900,  pp.  602. 

(C)  Cases  Illustrative  of  the  Localization  of  the  Mental  Faculties  in  the 
Left  Prefrontal  Lobe,  Amer.Jour,  Med,  Sci,,  123:  563-594,  751-771,  1902. 

(D)  The  Function  of  the  Left  Prefrontal  Lobe,  /did,,  131:  457-480,  1906. 

'  E.  Mtiller,  Kritische  Beitrage  zur  Frage  nach  den  Beziehungen  des 
Stimhims  zu  Psyche,  All^^.  Zeitsch.f,  Psychiatrie,  595  830-875,  1902. 

*  C.  Schuster:  Psychische  Storungen  6ei  Hirntumoren,  1902,  pp.  368.  On 
pp.  1-78  are  given  abstracts  of  147  cases  of  tumors  and  other  growths  involving 
the  frontal  lobes. 

^  Schafer  has  reported  that  only  12  were  mentally  changed  {Textbook  of 
Physiol,,  Vol.  II.,  p.  773).  The  difference  between  the  counts  made  by 
Schafer  and  me  may  be  due  to  the  fact  that  I  counted  every  case  that  showed 
any  changes  in  character,  emotional  tone,  memory  or  attention. 
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frontal  is  described  by  Durante.  The  patient  was  a  woman,  aged 
35,  who  for  a  year  had  shown  a  decided  change  in  character  with  an 
increasing  memory  defect.  The  removal  of  a  tumor  from  the  left 
frontal  region  was  followed  by  a  complete  mental  recovery  after 
about  three  months.  A  man,  aged  38,  also  showed  improvement 
after  operation  for  a  cyst  and  gliosarcoma  in  the  right  frontal  lobe. 
Change  in  character,  memory  weakness,  insane  impulses  and  de- 
pression characterized  the  patient  before  the  operation,  in  which 
the  cyst  was  evacuated.  After  the  operation  there  was  an  improve- 
ment in  memory  and  more  ease  in  thinking.  This  case  was  reported 
by  Rossolimo. 

Schuster  has  collected  and  abstracted  over  seven  himdred  cases 
of  brain  tumors,  and  he  reports  some  observed  by  himself  or  in  Men- 
del's clinic.^  Of  these,  147  are  growths  in  the  frontal  lobes,  46  cases 
involving  only  the  right  frontal,  61  cases  involving  the  left  frontal 
and  34  cases  involving  both  frontals.  In  16  cases  the  location  of 
the  tumor  is  not  given.  Since  we  cannot  depend  upon  the  accuracy 
of  the  observations  in  the  earlier  reported  cases,  I  have  arbitrarily 
chosen  to  consider  the  results  of  only  those  which  were  published  in 
1890  and  subsequently.  This  reduces  the  number  of  available  frontal 
cases  to  49,  of  which  16  were  growths  involving  the  right  frontal 
lobe  alone,  18  involving  the  left  frontal  alone,  and  15  involving  both 
frontals.  An  analysis  of  these  49  cases  is  found  in  the  accompan3ring 
table. 

Tabids  I.— Anai,ysis  of  49  of  Schustbr's  Cases  of  Prontai,  Lobb 
Tumors,  Dbscribbd  1890-1902 

CaMt  Cases  showing  Csses 

with  iwresis,        poor  memory,  showing  only 

ataxia,  speech        inattention,  depression. 

Total  defects,  epileptic  mental  slowing  excitement, 

cases.  seizures,  etc.      or  deterioration.  hysteria,  etc. 

Right  frontal 16  10  8  6 

Left  frontal 18  14  14  4 

Both  frontals 15  ii  ix  4 

Grouping  the  49  cases  under  very  general  mental  S3rmptomatic 
headings  we  find  that  20  of  the  patients  had  poor  memory;  16  were 
inattentive  or  mentally  slow;  11  showed  mental  deterioration,  the 
character  of  which  is  not  further  described;  4  were  irritable;  13  were 
depressed;  5  maniacal;  and  19  had  insane  ideas  or  showed  Witzel- 
sucht  or  Moria'.    One  of  these  cases,  that  of  Vorster,  with  a  tumor 

^  The  total  number  of  cases  is  775.  The  volume  is  an  excellent  book  of 
reference.  The  cases  are  arranged  both  according  to  types  of  symptoms  and 
AGOording  to  location  of  the  growth. 

'  /,  e.,  change  in  character  or  tendency  to  make  foolish  puns  and  jokes. 
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in  the  right  frontal  region,  gave  a  typical  picture  of  senile  dementia. 
When  one  knows  that  the  patient  was  70  years  old  it  is  evident  that 
such  a  condition  may  have  been  due  to  the  changes  incident  to  old 
age  rather  than  to  any  cerebral  growth.  A  similar  criticism  is  to  be 
made  against  the  use  of  a  similar  case  by  Mills  and  Weisenburg,  which 
will  be  discussed  below.  Timiors  in  other  portions  of  the  central 
nervoiis  system  give  rise  to  mental  disturbances.  In  many  of  these 
cases  the  mental  status  is  an  exact  coimterpart  of  that  associated 
with  frontal  lobe  disturbance.  The  number  of  frontal  lobe  cases 
abstracted  by  Schuster  that  showed  paralyses,  ataxias,  speech  de- 
fects, epileptic  seizures,  etc.,  indicate  the  extension  of  the  growth 
or  its  effect  (pressure)  to  other  parts  of  the  cerebrum.  It  is  not 
certain,  therefore,  that  the  mental  changes  are  the  result  of  the  frontal 
destruction  alone.  On  the  other  hand,  in  not  all  the  cases, of  frontal 
lobe  injury  or  tumor  were  mental  changes  apparent.  Mental  dis- 
turbance is,  however,  rather  more  likely  to  result  from  frontal  lobe 
injuries  or  timiors  than  from  other  parts  of  the  cerebrum.  In  this 
connection  it  may  be  mentioned  that  Gianelli  cites  a  large  number 
of  cases  of  destructions  of  parts  of  the  cerebrum,  and  of  those  of  the 
frontal  lobes  only  79  per  cent,  was  accompanied  by  changes  in  the 
mental  condition.^ 

The  most  noteworthy  and  most  important  collection  of  cases  is 
that  made  by  Dr.  C.  Phelps.'  This  author  has  recorded  the  clinical 
histories,  accounts  and  r^ults  of  operations,  and  autopsy  findings 
(when  necropsies  were  performed)  in  62  frontal  lobe  cases  observed 
by  himself.  The  description  of  the  cases  is  a  very  valuable  contri- 
bution to  the  study  of  the  functions  of  this  association  area,  but  from 
a  psychological  standpoint  there  is  a  lack  of  definiteness  in  the  de- 
scription of  the  mental  conditions  of  the  patients  whose  cases  Dr. 
Phelps  cites. 

''Loss  of  consciousness,  the  event  of  stupor  or  the  access  of  de- 
lirium have  been  found  to  be  dependent  on  the  nature  of  the  lesion, 
apparently  uninfluenced  by  its  situation,"  is  a  general  justifiable 
deduction  made  by  him  from  all  his  cases.'  From  the  results  of  his 
frontal-lobe  cases  the  following  conclusions  are  drawn:*  Mental  de- 
cadence always  attends  conjoint  lesions  of  both  prefrontal  regions. 
Mental  decadence  always  attends  lesion  of  the  left  prefrontal  region 
alone.  Mental  decadence  never  attends  lesion  of  the  right  prefrontal 
r^on  alone. 

*  Quoted  from  Schuster,  Op.  cit. 
«  Op.  cit. 

*  Traumatic  Injuries  of  the  Brain ^  p.  127. 

*  Amer.Jour.  Med.  Sci.,  131:  457,  1906. 
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The  cases  of  frontal  laceration  cited  in  his  book  and  the  thirty- 
four  cases  in  his  articles  do  not,  I  think,  admit  such  broad  inferences. 
Of  the  eleven  cases  of  laceration  of  the  left  frontal  lobe  only  Cases  6 
and  9  were  undoubtedly  conscious  and  without  stupor  or  delirium, 
but  with  a  mental  change.  Ten  cases  of  laceration  of  both  frontals 
(pp.  130-131)  include  four  patients  in  whom  the  mental  condition 
was  'normal'  on  days  following  the  injury,  and  Case  CCC  (p.  580) 
is  probably  an  example  of  mental  impairment  with  lesion  of  the  right 
frontal  lobe. 

Of  the  eighteen  cases  given  in  his  earlier  article*  it  appears  from 
the  grouping  that  the  author  considers  9  of  these  to  be  lesions  of  the 
left  frontal,  5  of  both  frontals,  and  4  of  the  right  frontal.  Cases 
II  and  VIII,  and  possibly  XVII,  should  be  more  properly  considered 
as  illustrative  of  bilateral  lesions.  A  rigidly  exclusive  policy  would 
throw  out  Cases  II  (that  of  a  child  only  7  years  old)  and  X  (man, 
aged  76,  with  marked  cerebral  arterio-sclerosis  and  showing  signs 
only,  so  far  as  the  clinical  accoimt  goes,  of  arterio-sclerotic  dementia), 
on  accoimt  of  the  ages  of  the  patients,  and  Cases  V,  XI,  and  XV  be- 
cause the  patients  lived  only  a  few  days  following  accidents.  In 
his  recent  article  16  cases  are  given,  of  which  three  are  lesions  of  the 
left  frontal  alone,  3  of  the  hght  frontal  alone,  5  of  both  frontals,  and 
5  are  not  classified.  Following  are  brief  descriptions  of  28  cases  in 
the  two  articles,  excluding  those  mentioned  above,  viz.,  II.,  V.,  VIII., 
X.,  XI.,  XII.,  and  XV.' 

I.,  left  frontal,  destroyed  by  tumor.  M.,  age  32.  Motor  disturbance, 
aphasic  disorders.  Apathy ;  incoherence ;  loss  of  comprehension ;  mental  aber- 
ration. 

III.,  left  frontal  softening  and  cyst.  M.,  adult.  Transient  motor  aphasia. 
Apathy ;  loss  of  memory ;  deficiency  of  power  of  attention ;  slowness  of  com- 
prehension ;  change  of  character.     Operation,  death  on  fourth  (?)  day. 

IV.,  left  frontal  laceration.  M.,  adult.  At  first,  coma;  then  stupidity; 
incoherence,  although  he  answered  coherently  on  the  third  and  sixth  days. 
Death  on  tenth  day. 

VI.,  left  frontal  and  slight  temporal  laceration.  M.,  adult  Apathy; 
stupor ;  delusions ;  incoherence ;  deficient  comprehension ;  refusal  to  answer 
questions.    Death  on  twelfth  day. 

VII.,  left  frontal  atrophy  and  oedema.  M.,  adult.  Apathy;  stupor;  de- 
lusions (although  it  is  said  he  was  rational  on  the  i8th  day,  '*but  still  had  de- 
lusions*'); delirium.     Death  on  25th  day. 

I,  left  frontal  atrophy.    M.,  35.    History  of  blow  on  head  ten  years  before 

*  Am,  Jour.  Med.  Sci.y  133:  1902. 

'  In  the  account  of  cases  Roman  numerals  will  be  used  for  the  cases  given 
in  Dr.  Phelps*  1902  article,  and  Arabic  numerals  and  letters  for  those  in  his 
1906  article. 
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second  accident.    Apathy ;  no  answers  to  questions;  conscious;  delirious  from 
sixth  day.    Death  on  eighth  day. 

3,  third  left  frontal  softening.  M.,  53.  Motor  aphasia ;  motor  disturb- 
ances ;  comprehended  up  to  morning  of  death.    Death  on  fifth  day. 

3,  left  frontal  covered  by  blood  clot.  M.,  35.  Drowsiness;  stupor; 
apathy;  could  be  roused  to  answer  questions ;  17th  day,  comprehension  less 
delayed.  Death  on  i8th  day.  High  temperature  from  fourth  day  until  death, 
with  exception  of  17th  day. 

XVI.,  right  frontal  abscess.  Unconscious,  fix>m  horse  kick,  5+  hours. 
Otherwise  mental  condition  normal  until  fourth  day,  when  fever  began,  ac- 
companied by  delusions  and  stupor.    Death  on  sixth  day. 

XVIII.,  right  frontal  disintegration,  removal  by  operation,  at  age  of  6. 
Left  hemiplegia  for  seven  months.  "Mental  condition  absolutely  normal." 
Epnepsy,  eight  years  later ;  then  irritability  and  excitability.  Patient  living; 
age,  32. 

7,  right  frontal  destruction.  M.,  36.  Drowsiness,  restlessness,  nervous- 
ness at  various  times,  although  temperature  nearly  normal  most  of  the  time. 
Discharged  54th  day,  without  indication  of  mental  impairment. 

8,  right  frontal  disturbance.  M.,  40.  Primary  stupor  with  left  arm  par- 
alysis and  hemianesthesia.  Operation.  Recovery.  No  mental  disturbance. 
Discharged  on  31st  day. 

9,  right  frontal  and  parietal  sarcoma.  M.,  27.  Epileptic  convulsions, 
hemipl^;ia,  anesthesia.  No  mental  disorder.  Operation,  removal  of  tumor. 
Free  from  mental  disturbance  a  year  later. 

10,  right  frontal  destruction.  M.,  adult.  Shooting  accident  followed  by 
nnconsdousness  for  four  days.  Otherwise  'intellect  was  clear  and  his  memory 
unimpaired.*'  Operation,  abscess,  second  operation.  Death  about  six  months 
after  injury.    Always  perfectly  intelligent. 

11,  right  frontal  abscess  (?).  Boy,  aged  10.  Operation.  Epilepsy;  men- 
tal condition  normal ;  good  memory  and  power  of  concentration  and  of  com- 
prehension. 

VIII.,  left  frontal  laceration,  hemorrhage  over  right  temporal,  oedema  of 
both  hemispheres.  Incoherence;  loss  of  memory ;  apathy ;  delusions.  Death 
on  33d  day. 

XIII.,  left  and  right  frontal  abscess.  Bullet  wound.  Patient  conscious 
but  apathetic.    Unconsciousness  on  24th  day.    Death  on  31st  day. 

XIV.,  laceration  of  both  frontals,  general  cerebral  contusion.  Left  hemi- 
plegia. "Deficient  power  of  attention  and  apprehension.  Subsequent  variable 
mental  condition ;  sometimes  normal,  sometimes  delirious,  usually  apathetic, 
with  mild  delusions."    Death  on  26th  day. 

XVII.,  bullet  wound  of  right  frontal  and  left  occipital,  serous  effusion 
over  left  hemisphere.  Conscious,  coherent,  intelligent  until  third  day,  when 
it  was  difiBcnlt  to  arouse  patient.    Death  on  fourth  day. 

4,  atrophy  of  both  frontal  lobes,  abscess  in  cerebellum,  pus  formation  in- 
volving left  temporal  and  occipital  lobes.  Delirious,  noisy  and  restless,  atten- 
tion could  not  be  fixed.    Jaxgon  speech.    Death  on  31st  day. 

5,  extensive  softenings  of  both  frontals,  and  of  other  parts  of  cerebrum. 
M.,  40.    Delirious,  incoherent,  aphasic.    Death  on  ninth  day. 
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6,  Bof  tening  of  both  frontals,  oedema  of  whole  brain.  No  record  of  mental 
condition  for  six  months  following  fall.  Only  five  days  in  hospital  nntil  death. 
Apathy,  stupor. 

IX.,  laceration  of  left  frontal  and  temporal  lobes.  M.,  35.  Operation  for 
effects  of  blow.  Delirium,  lack  of  comprehension,  aphasia,  mental  enfeeble- 
ment.    Under  observation  three  months.    Did  not  die. 

It  is  unfortunate  that  all  of  the  individuals  with  lesions  in  the  left 
frontal  alone,  or  in  both  frontals,  whose  cases  are  given  in  Phelps' 
recent  article,  died  soon  after  the  accidents.  We  can  see,  however, 
that  not  all  individuals  had  their  mental  faculties  located  in  the  left 
frontal  lobe.  The  patient  in  Case  2  with  a  left  frontal  lesion  compre- 
hended up  to  the  morning  of  his  death.  The  patient  in  Case  3,  al- 
though there  was  a  certain  amount  of  stupor  and  fever  coincident 
with  the  left  frontal  injury,  could  be  roused  sufficiently  to  answer 
questions,  and  when  the  fever  had  only  partially  subsided  the  '*  com- 
prehension was  less  delayed."  In  Case  B,  a  fall  on  the  right  side, 
the  patient  showed  a  mental  defect  for  at  least  two  weeks.  In  Case 
C,  patient  was  discharged  on  the  twenty-second  day  with  delusion 
persisting  after  injury  to  the  right  side  of  the  head.  In  Case  D,  a 
fracture  on  the  left  side,  patient  was  entirely  rational  at  the  end  of 
the  fourth  week.  I  am  well  aware  that  the  cerebral  lesions  in  the 
last  three  cases  were  not  determined,  but  we  are  as  certain  that  the 
brain  injury  in  Cases  B  and  C  was  on  the  right  side  as  that  it  was 
on  the  left  in  Case  D. 

Of  the  23  patients  whose  mental  and  cerebral  conditions  are  sum- 
marized above,  about  half  died  within  a  short  time,  with  definite 
indications  of  extensive  brain  injury.  Stupor,  delirium,  and  loss  of 
consciousness  depend  more  upon  the  extensity  of  the  disturbance 
than  upon  its  location,  and  if  the  clinical  histories  of  the  above  cases 
are  examined  carefully,  many  of  the  cases  should  be  excluded  which 
are  used  to  support  the  'left-frontal-lobe-intellectual-faculty'  sup- 
position. That  most  of  Dr.  Phelps'  left  frontal  cases  died,  notably 
III.,  rV.,  VI.,  1,  2,  and  3,  shows  that  the  brain  injury  was  more  severe 
physiologically  than  the  gross  anatomical  examinations  indicate,  or 
that  in  these  individuals  the  resistive  or  recuperative  powers  were 
not  so  great  as  in  others.  The  greater  severity  of  the  injury  or  the 
lowered  resistive  powers  would  account  in  large  measure  for  the 
mental  disorders.  In  Case  XVI.,  mental  symptoms  intervened 
when  fever  began,  although  the  brain  injury  was  in  the  right  frontal 
region.  Case  7  was  restless,  nervous,  and  drowsy  from  a  right  frontal 
destruction  although  there  was  little  fever.  In  the  cases  of  bilateral 
lesions  it  is  not  surprising  that  mental  disorders  were  noted,  but  that 
the  disorders  were  not  greater.    All  the  cases  with  pus — ^with  the 
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attending  probability  of  toxic  efiFects — with  cerebral  oedema,  etc., 
are  not  clear  cut  cases  of  loss  of  function  of  special  parts  of  the  brain, 
and  these  should  be  excluded.  In  fact,  comparatively  few  of  the 
clinical  cases  which  are  cited  by  Phelps,  by  Schuster,  by  Welt,  or  by 
MuUer  as  examples  of  frontal  lobe  injury,  destruction,  or  growth 
can  be  rigidly  classified  as  'frontal.'  In  such  a  matter  it  would  be 
better  to  exclude  doubtful  cases  rather  than  to  burden  the  reader 
with  others  which  indicate  only  effects  from  diffuse  cerebral  injimes. 
Dr.  Phelps'  articles  and  the  cases  cited  by  him  are  otherwise  excel- 
lent and  more  than  any  other  they  bring  conviction  that  the  frontal 
lobes  are  most  intimately  concerned  in  mental  processes. 

The  patient  whose  case  was  recently  reported  by  Mills  and  Weis- 
enbin^^  had  mental  and  physical  symptoms  similar  to  one  cited  by 
Yorster  which  is  criticized  above.  The  patient  was  a  man,  aged  71, 
whose  ''s3miptoms  appeared  at  the  time  to  correspond  to  those  fre- 
quently seen  in  cases  of  cerebral  arterioHsclerosis."  Almost  two 
years  before  his  death  he  lost  his  grasp  as  a  physician,  and  was  later 
noticed  to  be  rather  careless  about  the  house,  and  about  his  personal 
appearance.  About  six  months  before  his  death  the  patient  seem^ 
to  develop  rather  suddenly  a  memory  defect,  and  there  ensued  a  gradual 
loss  of  judgment.  From  the  accoimt  of  the  case,  excluding  the  ne- 
cropsy findings,  one  would  natiu-ally  conclude  that  the  patient  had 
what  is  usually  called  'senile  dementia.'  The  autopsy  disclosed  a 
prefrontal  tiunor  on  the  left  side,  situated  in  the  anterior  third  of 
the  first  frontal,  the  anterior  quarter  of  the  second,  and  less  than  a 
quarter  of  the  third  frontal  convolution.  The  arteries  throughout 
the  brain  were  also  found  to  be  markedly  sclerotic.  This  latter  con- 
dition is  sufficient  to  account  for  all  the  symptoms  in  this  case  with- 
out the  intervention  of  the  brain  tumor,  and  it  is  doubtful  if  the  tumor 
added  anything  to  the  S3rmptom-complex  which  is  foimd  in  cases 
of  senile  dementia  or  in  the  dementia  of  cerebral  arterio-sclerosis. 
The  authors  do  not  discuss  the  possibility  of  the  arterio-sclerosis  as 
a  cause  of  the  mental  change,  nor  do  they  indicate  in  what  way  the 
mental  picture  in  this  case  differs  from  that  in  senile  dementia  with- 
out brain  tiunor.  In  fact,  in  support  of  their  h)rpothesis  the  clinical 
history  is  very  meagre. 

In  looking  over  the  cases  which  are  recorded  in  the  literature  one 
is  struck  by  the  lack  of  psychological  terminology,  and  accurate  ex- 
periment. The  case  cited  immediately  above  is  an  example  of  this 
although  the  authors  try  to  indicate  that  this  defect  is  to  be  found 

*  C.  K.  Mills  and  T.  H.  Weiaenborg,    The  Localizatioti  of  the  Higher 
pgychic  Ponctions,  /our.  of  the  Amer.  Med.  Assn.,  46:  337-341,  1906. 
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rather  in  the  writings  of  others.  They  tell  us,  "one  of  the  greatest 
difficulties  of  proving  the  localization  of  the  highest  intellectual 
processes  has  arisen  from  the  fact  that  physicians,  even  those  trained 
in  neurology  and  psychiatry,  frequently  fail  to  note  the  mental 
S3rmptoms  carefully  or  describe  them  in  such  an  uncertain  manner 
as  to  make  the  records  of  little  value/' 

From  a  psychological  standpoint,  what  is  lacking  in  all  the  accoimts 
is  a  careful  analysis  of  the  mental  condition.  Apathetic,  dull,  stolid, 
irritable,  restless,  nervous,  deficient  memory,  slow  comprehension, 
are  general  terms  for  conditions  which,  for  scientific  purposes  and  in 
the  present  state  of  psychology,  the  observer  could  and  should  try 
to  describe  more  carefully.  Any  one  of  these  terms  may  be  descrip- 
tive of  states  of  deficient  or  wandering  attention,  some  are  indicative 
of  a  mild  degree  of  deliriimi.  It  is  of  prime  importance  that  every 
case  should  be  examined  from  a  psychological  standpoint,  if  psycho- 
logical inferences  are  to  be  drawn. 

In  an  earlier  article^  Mills  argues  for  the  frontal  seat  of  intellectual 
states  and  commends  the  work  of  Spitzka  and  the  latter's  deductions 
from  a  study  of  the  brain  of  Major  Powell.  It  appears,  however, 
that  Spitzka's  observations  tend  to  prove  the  predominance  of  Flech- 
sig's  posterior  association  area  in  intellectual  men. 

On  the  histological  side  Campbell  and  Bolton  have  attempted  to 
deduce  function  from  differences  in  structure  and  from  changes  which 
occur  in  mental  diseases.  Campbell's  division  of  the  frontal  lobe 
on  histological  groimds  has  already  been  mentioned.  He  thinks 
the  associational  part  of  the  frontal  lobe  comprises  about  two-thirds 
of  its  anterior  part.'  This  he  divides  into  two  areas,  the  frontal 
and  prefrontal.  The  frontal  area  is  highly  developed,  he  says,  not 
only  in  cell  arrangement  but  also  in  the  supply  of  fibers.  On  the 
other  hand,  the  prefrontal  is  rather  poorly  developed  both  in  fibers 
and  cells  and  he  says  ''it  cannot  share  the  fimctional  importance 
of  the  better  developed  frontal  cortex  placed  further  back;  in  short, 
although  it  may  have  a  future  in  front  of  it,  at  present  its  evolution 
both  structural  and  functional  is  incomplete."  From  a  considera- 
tion of  the  clinical  and  ph3rsiological  work  Campbsll  is  inclined  to 
consider  the  frontal  lobe  of  great  importance  in  the  performance  of 
mental  operations.  The  discrepancies  between  the  results  of  the 
physiological  work  of  Horsley  and  Schafer  and  that  of  Bianchi,  he 
thinks  are  due  to  differences  in  the  amoimt  of  the  frontal  lobes  which 

*  The  Physiological  Areas  and  Centres  of  the  Cerebral  Cortex  of  Man,  with 
new  diagrammatic  schemes,  Uhiv,  of  Penn,  Med,  BulL^  17:  90-98, 1904. 

'  A.  W.  Campbell,  Histological  Studies  on  the  Localization  of  Cerebral 
Functions^  1905,  pp.  xix  +  360.    29  plates. 
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were  extirpated.  "Horsley  and  Schafer  obtained  negative  results 
because  the  mutilation  in  being  confined  to  the  anterior  third  or  quar- 
ter of  the  frontal  lobes  was  too  small  in  extent,  and  having  regard 
to  the  weak  development  of  the  prefrontal  cortex"  he  thinks  no  obvious 
mental  change  could  have  been  noticed. 

Bolton^  working  with  different  material,  mostly  pathological,  and 
using  a  rougher  method,  viz.,  the  measurement  of  the  depth  of  the 
cortex  in  cases  of  normal  and  subnormal  mental  development,  concludes 
that  "the  anterior  center  of  association  of  Flechsig  is  the  region  con- 
cerned with  attention  and  the  general  orderly  coordination  of 
I»ychic  processes."  "The  great  anterior  center  of  association  lying 
in  the  prefrontal  region  (=  frontal  and  prefrontal  of  Campbell)  is 
imderdeveloped  on  the  one  hand  in  all  grades  of  primary  mental 
deficiency  and  on  the  other  imdergoes  primary  atrophy  pari  passu 
with  the  development  of  dementia;  it  is  therefore  the  region  of  the 
cerebrum  which  is  concerned  with  the  performance  of  the  highest 
coordinating  and  association^  processes  of  mind."  In  the  dementia 
of  general  paralysis  he  shows  ''that  the  centers  of  association  are 
more  severely  affected  than  those  of  projection."  In  all  cases  of  de- 
mentia a  similar  result  was  foimd.  "In  cerebral  dissolution  the  order 
of  retrogression  is  the  reverse  of  the  order  of  evolution." 

On  the  ph3rsiological  side  many  experiments  have  been  made  and 
investigators  have  fbund  little  mental  change  after  extirpation  of  the 
frontal  regions.  Loeb,*  following  Goltz,  denies  the  possibility  of  the 
localization  of  mental  states  in  the  cerebrum  in  special  parts.  How- 
ever, he  sajrs  that  "if  we  remove  the  anterior  parts  of  both  hemi- 
spheres, a  dog  remains  no  longer  normal  but  becomes  idiotic."  "  While 
dogs  after  the  loss  of  the  anterior  halves  of  the  cerebral  hemispheres 
often  become  irritable  and  ugly,  dogs  which  lose  the  occipital  halves 
of  both  hemispheres  invariably  become  good-natured  and  harmless" 
(p.  264).  Again,  "I  have  repeatedly  removed  both  frontal  lobes  in 
dogs.  It  was  impossible  to  notice  the  slightest  difference  in  the  men- 
tal fimction  of  the  dog.  There  is  perhaps  no  operation  which  is  so 
harmless  for  a  dog  as  the  removal  of  the  frontal  lobes." 

Schafer  and  Horsley*  foimd  no  mental  impairment  following  de- 
struction of  the  frontals  in  monkeys,  "an  operation  which  may  in- 
deed be  effected  without  producing  any  very  obvious  symptoms." 

^  J.  S.  Bolton,  The  Functions  of  the  Frontal  Ivobes,  Brain ,  a6:  215-241, 
1903.  Amenda  and  Dementia:  A  Clinico-Pathological  Study,  /our,  Ment,  Sci,, 
51:  270-340,  507-539.  659-676.  1905  ;  5a:  1-28.  221-277,  427-490.  T906. 

'  J.  Loeb,  Comparative  Physiology  of  the  Brain  and  Comparative  Psychol- 
ogy, ^^fio. 

»  PhU.  Trans.  Roy,  Soc,  1888.    See  also  Schafer,  Physiology,  II.,  p.  772. 
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They  report  a  more  extensive  mental  change  accompanying  lesions 
of  the  temporal  lobes  and  describe  this  condition  as  one  of  'semi- 
idiocy/ 

Bianchi  has,  however,  reported^  changes  coincident  with  destruc- 
tion of  the  frontal  lobes  in  both  monkeys  and  dogs.  He  criticizes 
the  work  of  Horsley  and  Schafer,  making  the  same  point  that  is 
made  by  Campbell,  viz.,  that  they  operated  upon  only  the  anterior 
third  or  fourth  of  the  frontals.  His  own  experiments  on  twelve  mon- 
keys and  six  dogs,  ten  of  which  monkeys  were  kept  for  long  periods, 
gave  the  following  results  from  unilateral  extirpation  of  the  frontals. 
During  the  first  and  second  week  there  were  rotary  movements  toward 
the  mutilated  side,  but  no  concomitant  oculo-motor  disturbance. 
These  motor  effects  remained  for  only  one  or  two  weeks.  The 
tactile  sensibility  remained  normal  and  in  only  one  or  two  cases  did  he 
find  what  appeared  to  be  any  anesthesia.  In  all  animals  there  was  a 
visual  disturbance  of  the  nature  of  an  hemianopia.  "No  percep- 
tible differences  were  noted  in  the  behavior  or  psychical  manifesta- 
tions of  animals  mutilated  on  one  side  only." 

In  his  article  Bianchi  gives  the  details  of  the  condition  of  one  dog 
and  three  monkeys  upon  which  he  operated  bilaterally.  The  dog 
had  the  frontals  removed  one  at  a  time,  the  operations  being  a  month 
apart.  The  sensory  and  motor  fimctions  were  determined  before 
the  operation  and  in  all  of  Bianchi's  work  he  stimulated  the  cortex 
and  determined  the  anterior  limit  of  the  motor  area  before  he  attempted 
to  extirpate  these  regions.  After  the  loss  of  the  frontals  this  dog 
recognized  its  kennel  but  seemed  to  have  no  'sense.'  He  ate  every- 
thing, got  tangled  up,  but  avoided  obstacles.  It  appears,  although 
it  is  not  directly  stated,  that  this  dog  had  previously  been  operated 
on  in  the  occipital  region  for  he  is  reported  to  have  been  'amblyopic 
through  occipital  mutilation.' 

A  chacma  baboon  that  had  learned  to  walk  on  all  fours  or  on  the 
legs  only  at  conmiand  and  to  render  a  military  salute,  had  the  left 
frontal  excised,  after  which  it  was  foimd  that  the  animal  did  not 
give  the  military  salute.  It  could  not  properly  use  its  right  hand 
and  the  external  segment  of  the  field  of  vision  of  the  right  eye  seemed 
to  be  involved.  The  animal,  however,  was  susceptible  to  new  adap- 
tations. Two  months  and  a  half  later  the  other  frontal  was  extir- 
pated. The  left  eye  became  almost  completely  blind.  A  week  after 
the  operation  "she  was  afraid  of  the  other  cynocephalus  whom  she 

^  L.  Bianchi,  The  Functions  of  the  Frontal  Lobes,  Brain,  i8:  497-522, 
1894.  On  the  teachings  of  Flechsig  with  regard  to  the  Perceptive  and  the  As- 
sociative Zones  (abstracted  in  the  Review  of  Neurology  and  Psychiatry,  3: 
189). 
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previously  used  to  hug  with  evident  pleasure."  She  lost  her  previous 
interests,  as,  for  example,  in  the  puppy  whom  she  used  to  hug  and 
fondle.  Two  months  after  the  removal  of  the  second  frontal  she 
could  be  tempted  to  start  the  'salute'  although  she  was  indifferent, 
and  the  author  remarks  that  under  novel  conditions  she  was  not  caps^ 
ble  of  new  adaptations.  We  are  not  told  whether  or  not  the  attempt 
at  the  'salute'  noted  above  followed  nimierous  commands  on  pre- 
ceding days  or  if  this  was  the  first  time  the  author  attempted  to  de- 
termine the  presence  or  retention  of  the  association. 

A  simUar  observation  has  been  recorded  by  Hitzig  of  one  of  his 
dogs.  The  dog  had  been  accustomed  to  find  its  food  on  a  table  and 
to  take  it  therefrom.  When  both  frontals  were  excised  the  animal 
lost  the  association.  This  line  of  work  does  not  seem  to  have  been 
followed  up  either  by  Hitzig  or  by  Bianchi. 

Another  female  chacma  previous  to  operation  was  docile,  inquisi- 
tive and  lively.  At  the  first  operation  the  right  frontal  was  excised 
and  in  a  week,  to  all  intents  and  purposes,  the  animal  was  in  a  normal 
mental  condition,  but  subject  to  fear  and  with  a  slight  left  external 
hemianopsia,  which  disappeared  very  shortly.  About  six  months 
later  the  left  frontal  was  excised.  About  forty-eight  houiB  after 
the  second  operation  it  was  noted  that  the  animal  remained  ''in  its 
cage,  head  bent,  eyes  half  open,  sleepy  but  sitting.  No  deviation 
of  the  trunk  or  paral3rsis. "  Later  it  was  found  to  have  aimless  walk- 
ing, loss  of  expression,  and  stupid  attitudes.  It  took  bits  of  plaster 
in  the  form  of  sugar  cubes  tod  ate  them  as  if  sugar.  She  could  not 
"resist  the  idea  of  sugar  which  the  appearance  of  the  plaster  evoked." 
This  condition  remained  stationary  for  months. 

The  third  baboon  whose  history  is  reported  in  full  was  an  agile, 
inquisitive,  cunning  animal,  attached  to  her  keepers.  Both  frontals 
were  removed  at  the  same  time.  Following  the  operation  there 
seemed  to  be  some  slight  hyperesthesia  on  the  left  side  and  the  ani- 
mal walked  badly  with  her  head  and  body  bent  and  swaying.  The 
left  leg  dragged  and  the  right  arm  was  little  used.  There  seemed  to 
be  no  curiosity  or  interest  in  what  went  on.  She  no  longer  himted  for 
fleas  with  her  customary  rapidity.  A  cherry  with  quinine  was  eaten 
almost  as  readily  as  one  without.  She  also  ate  plaster  as  if  sugar, 
and  wax  which  was  colored  and  in  the  form  of  a  cherry.  Two  months 
after  the  operation  her  behavior  seemed  to  have  been  altered  from 
what  it  was  before  the  operation;  her  ph3rsiognomy  was  stupid  and 
less  mobile,  she  showed  terror,  but  never  reacted  aggressively.  There 
was  a  state  of  unrest.  She  seemed  to  have  no  affection.  She  was 
unsociable.  She  could  not  play  and  could  not  adapt  herself  to  new 
things  or  learn  or  recover  what  she  forgot.    A  month  later  she  could 
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differentiate  between  sugar  and  plaster,  although  the  author  says 
"the  whiteness  of  the  fragments  (of  plaster)  and  their  resemblance 
to  those  of  a  sugar  plimi  prevailed  over  her  sense  of  taste." 

The  conclusions  which  Bianchi  draws  from  all  his  experiments 
are  that  ''the  frontal  lobes  are  the  seat  of  coordination  and  fusion 
of  the  incoming  and  outgoing  products  of  the  several  sensory  and  motor 
areas  of  the  cortex.  Removal  of  the  frontal  lobes  does  not  so  much 
interfere  with  the  perceptions  taken  singly  as  it  does  disaggregate 
the  personality  and  incapacitate  for  serializing  and  synthesizing 
groups  of  representations"  (p.  552).  In  the  operated  monkeys  "their 
affective  nature,  friendliness  and  sociability  is  impaired,  their  avidity 
becomes  reckless  and  insatiable.  From  cleanly  they  become  dirty. 
Their  sexual  functions  are  perturbed,  the  females  menstruate  irregu- 
larly, the  males  become,  if  not  incompetent,  at  least  incapable.  All 
these  symptoms  depend  not  upon  motor  deficiencies  of  the  head, 
neck  and  trunk  muscles,  but  upon  a  dissolution  of  the  psychical  per- 
sonality." 

Schafer  criticizes  the  results  and  conclusions  of  Bianchi  and  tries 
to  explain  them  and  his  own  negative  findings  from  frontal  destruc- 
tion as  follows:  In  his  own  work  the  frontals  were  not  removed. 
In  Bianchi's  work  the  frontals  were  removed  from  the  cranial  cavity. 
His  own  method,  he  8a3rs,  interferes  less  with  the  vascular  supply 
and  less  shock  is  present  from  the  operation.  When  portions  of  the 
brain  are  taken  out  there  is  mechanical  and  physical  disturbance 
of  the  whole  hemisphere  "which  may  lead  to  erroneous  conclusions." 

The  criticism  which  must  be  made  against  all  the  physiological 
work  which  has  just  been  mentioned  is  one  similar  to  that  made  above 
in  connection  with  the  record  of  clinical  cases.  The  observations 
which  physiologists  have  made  are  as  'casual'  as  those  made  by 
clinicians.  The  term  'semi-idiocy'  used  by  Schafer  does  not  mean 
an3rthing  from  a  psychological  standpoint  and,  particularly  since 
idiocy  in  children  is  difficult  to  diagnose  from  simple  observation, 
it  is  impossible  to  determine  such  a  condition  in  dogs  or  monkeys. 


III.    EXPERIMENTAL  METHODS 

Because  the  observations  and  the  terms  used  by  ph3rsiologists  to 
describe  the  efifect  or  efifects  following  the  removal  of  the  frontals 
were  so  inexact  I  devised,  about  six  years  ago,  a  method  by  which 
we  could  determine  the  presence  or  absence  of  certain  definite  asso- 
ciative processes  in  animals  before  and  after  removal  of  any  part  of 
the  cerebrum.  This  method  is  an  extension  of  the  'salute'  experi- 
ment made  by  Bianchi  and  of  a  similar  experiment  by  Hitzig. 

A.  Operative  Procedure. — ^It  may  be  well  to  give  somewhat  in  de- 
tail the  procedure  which  I  used  in  the  operations.  The  animal  was 
placed  on  the  table,  anesthetized  lightly,  and  boimd  to  an  ani- 
mal board  so  that  the  preliminary  part  of  the  operation  could 
be  done  without  excessive  struggles  on  the  part  of  the  animal.  On 
the  portion  of  the  head  where  the  incision  was  to  be  made,  the  hair 
was  first  cut  with  scissors  and  on  the  scalp  there  was  placed  a  depila- 
tory solution,*  which  removed  all  of  the  hair  much  more  easily  and 
more  completely  than  could  be  done  by  shaving.  Moreover,  the 
scalp  was  not  broken  and  there  was  less  chance  of  infection.  The 
head  was  then  washed  with  bichloride  solution  1-1000  and  a  cloth 
or  piece  of  cotton  wet  in  the  solution  was  placed  on  the  scalp  until 
I  was  ready  to  make  an  incision. 

For  an  anesthetic  I  generally  used  the  A.C.E.  mixture,  occasionally 
ether  or  a  mixture  of  ether  and  chloroform.  In  cats,  in  addition 
there  was  sometimes  given  by  mouth  a  quantity  of  chloral  hydrate, 
chloretone  or  urethane  sufficient  to  keep  the  animal  quiet  after  the 
operation  for  a  nimiber  of  hours. 

The  incision  of  the  scalp  was  a  semicircular  one  depending,  of  course, 
upon  the  region  where  the  bone  was  to  be  trephined.  In  the  frontal 
region  this  extended  almost  from  ear  to  ear,  coming  close  in  front  to 
the  supraorbital  eminence.  With  this  cut  there  was  more  or  less 
bleeding  from  the  scalp,  which  was  readily  controlled  by  means  of 
large  hemostats,  which  are  employed  in  uterine  work.  The  open- 
ings of  the  skull  were  made  with  a  half-inch  hand  trephine  and  these 
openings  were  enlarged  by  means  of  bone  forceps  when  necessary. 
The  button  which  was  removed  by  the  trephine  was  kept  in  warm 
normal  saline  solution  or  in  bichloride  1-2000.  In  trephining  there  was 
always  considerable  hemorrhage  from  the  diploe,  which  was  controlled 

*  The  solution  which  I  have  employed  is  the  proprietary  article  called 
"Sulphur  Starch.**  This  material  is  being  extensively  used  now  to  take  the 
hair  away  from  parts  which  are  not  readily  accessible  to  shaving  and  in  itself 
it  is  antiseptic.  Such  depilatory  preparations  would  be  of  much  value  in  other 
psychological  and  physiological  experiments. 
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by  means  of  bone  wax  (two  parts  wax,  one  part  oil).  With  the  bone 
removed  the  dura  was  visible.  This  was  cut,  avoiding  large  blood 
vessels,  exposing  the  whole  area  covered  by  the  trephined  button. 
The  site  for  the  incision  into  the  brain  substance  was  determined 
sometimes  by  means  of  electrical  stimulation  and  the  lack  of  response 
to  such  stimulation.  A  fine  cataract  knife  was  then  inserted  into 
the  brain  substance  as  close  to  the  longitudinal  fissure  as  could  be  done. 
It  was  pushed  down  to  the  orbit,  then  drawn  outward  toward  the 
side  of  the  head,  severing  as  completely  as  possible  all  connectioa 
of  the  region  with  the  rest  of  the  cerebrum.  The  piece  of  tissue  which 
was  cut  away  was  left  in  sUu,  thus  obviating  the  criticism  made  against 
the  work  of  Bianchi  by  Schafer.  Bleeding  from  the  brain  substance 
was  controlled  by  compresses  and  by  the  application  of  hot  normal 
saline  solution.  Occasionally,  bulging  of  the  brain  substance  through 
the  trephine  openings  was  foimd  and  this  was  always  well  controlled 
by  means  of  compresses.  So  soon  as  the  bleeding  had  ceased  the 
wax  was  taken  from  the  diploe  and  the  woimd  was  closed,  first  by 
drawing  together  the  divided  dura,  then  the  insertion  of  the  trephine 
button,  and  finally  the  sewing  of  the  scalp.  The  scalp  was  sewn 
with  catgut  or  kangaroo  tendon.  The  site  of  the  operation  was  thor- 
oughly washed  with  bichloride.  A  piece  of  gauze  was  then  placed 
over  the  scalp  incision,  with  an  extra  thickness  over  the  'button' 
areas,  collodion  was  poured  on  this,  and  the  whole  firmly  adhered  to 
the  scalp. 

The  bandage  was  then  placed  over  the  head,  leaving  out  the  ears, 
but  going  imder  the  jaw.  This  bandage  was  usually  sewed  so  that 
the  animal  could  not  tear  off  the  successive  layers.  This  prevented 
both  cats  and  monkeys  from  interfering  with  the  wound  and  was  a 
most  satisfactory  part  of  the  procedure.  This  bandage  was  taken 
off  in  about  four  or  five  days,  sooner  if  the  animal  showed  signs  of 
oedema  or  sepsis,  and  by  that  time  the  woimd  was  almost  completely 
healed.  The  stitches  which  remained  were  pulled  out  and  the  animal 
usually  had  an  uneventful  recovery  so  far  as  the  operation  is  concerned. 
In  only  a  few  cases  was  it  necessary  to  put  a  new  bandage  on  the 
head  of  the  animal  and  the  thorough  antiseptic  precautions  pre- 
vented in  all  but  one  or  two  of  my  earlier  cases  the  formation  of  pus 
and  any  general  infection. 

B.  The  Formation  of  Animal  Habits. — ^The  object  of  my  experi- 
ments was  to  determine  whether  or  not  animals  with  frontal  lobe 
destruction  retained  simple  associations  or  could  form  associations. 
The  method  employed  for  the  production  of  simple  associations  is 
that  used  by  Lloyd  Morgan  and  by  Thomdike  and  others.*  Briefly 
^  See  the  author's  early  article  in  the  Amer.Jour,  of  Physiol.^  8:  1902. 
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described,  the  method  is  as  follows:  The  animal  is  placed  in  a  certain 
environment,  usually  unpleasant  or  indifferent  to  the  animal.  By 
simple  motor  adjustment  the  cat  or  the  dog  or  the  monkey  gets  a 
subsequent  pleasure.  At  first  the  motor  response  is  neither  accurate 
nor  speedy.  At  the  beginning  of  any  series  of  experiments  the  animal 
makes  random  movements  according  to  its  nature,  scratching,  pulling, 
biting,  and  feeling  everjrwhere.  By  chance  it  hits  upon  the  proper 
movement  and  after  the  experiment  has  been  repeated  a  number  of 
times  the  unnecessary  movements  are  eliminated.  Only  those  move- 
ments are  retried  which  tend  to  make  the  pleasure  come  sooner,  and 
consequently  the  time  in  which  the  act  is  performed  gradually  decreases. 
Usually  after  ten  trials  with  monkeys  or  twenty  to  thirty  trials  with 
cats  or  dogs,  the  motor  response  is  received  immediately  after  the 
animal  is  placed  in  the  desired  environment. 

The  activity  of  the  animal  is  well  described  by  Thomdike:*  "  When 
put  into  the  box  the  cat  would  show  evident  signs  of  discomfort 
and  impulse  to  escape  from  confinement.  It  tries  to  squeeze  through 
any  opening,  it  claws  and  bites  at  the  bars  or  wires,  it  thrusts  its  paws 
through  any  opening,  and  claws  at  ever3rthing  it  reaches.  It  con- 
tinues its  efforts  when  it  strikes  an3rthing  loose  or  shaky.  It  may 
daw  at  things  within  the  box.  It  does  not  pay  much  attention  to 
the  food  outside  but  seems  simply  to  strive  instinctively  to  escape 
from  confinement.  The  vigor  with  which  it  struggles  is  extraordinary. 
For  eight  or  ten  minutes  it  will  claw  and  bite  and  squeeze  incessantly. 
The  cat  that  is  clawing  all  over  the  box  in  her  impulsive  strug- 
gle will  probably  claw  the  string  or  loop  or  button  so  as  to  open  the 
door.  And  gradually  all  the  other  non-successful  impulses  will  be 
stamped  out  and  the  particular  impulse  leading  to  the  successful  act 
will  be  stamped  in  by  the  resulting  pleasure  imtil  after  many  trials 
the  cat  will,  when  put  in  the  box,  inunediately  claw  the  button  or 
loop  in  a  definite  way." 

In  my  earlier  research  only  cats  were  used,  in  the  later  experi- 
ments only  monkeys. 

The  environments  for  the  cats  were  similar  to  those  used  by  Thom- 
dike — ^animal  boxes  from  which  the  animal  could  escape  by  pulling 
a  string,  pressing  a  button,  etc.  Escape  from  the  box  always  meant 
'food.'  The  boxes  were  about  12  inches  high,  15  inches  wide,  and 
20  inches  long.  The  bottom,  back  and  sides  of  the  boxes  were  solid 
boards,  the  front  and  top  were  made  by  placing  three-quarter  inch 
slats  about  an  inch  apart  except  at  the  door.  The  door  was  about 
six  inches  wide  and  eight  inches  high,  hinged  at  the  bottom  and  so 
arranged  that  it  would  fall  outward  when  the  proper  mechanism 

^  Thorndike:  Animal  Intelligence^  p.  13. 
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was  pressed.  An  illustration  of  one  of  these  boxes  is  given  in  the 
accompanying  figure.  In  addition  to  the  box  here  illustrated  two 
other  boxes  were  used.  In  one  the  cord  passed  upward  and  over 
the  top  of  the  box  to  the  back  where  it  was  fastened.  In  this  box, 
at  the  place  where  the  cord  passed  over  the  top,  a  wire  netting  was 
arranged  about  three-quarters  of  an  inch  above  the  cord.    The 


Fig.  I. — Box  from  which  animal  could  escape  by  pressing  button 
up  or  down, 
door  would  fly  open  if  the  cord  was  pulled  by  the  paw  or  teeth  or  if 
the  head  or  back  were  strongly  brushed  against  it.  On  the  third 
box  the  cord  passed  upward,  then  downward  and  outward  to  a  point 
about  three  inches  to  one  side  of  the  door  and  about  two  inches  in 
front  of  the  slats.  The  animal  would  escape  from  this  box  by  strongly 
pulling  or  pressing  against  the  cord.  In  the  remainder  of  this  arti- 
cle these  boxes  will  be  called  respectively  button,  string  above  and 
string  front. 

Two  arrangements  were  used  with  the  monke3rs:  one,  which  I  shall 
call  the  food  box  experiment,  consisted  in  a  large  cage  with  a  smaller 
food  box  attached  to  it  outside  and  at  one  comer.  The  cage  was  made 
of  wire  netting  about  18  inches  cube  and  the  food  box  was  attached 
at  the  back  in  the  upper  right-hand  comer.  The  food  box  was  7  inches 
cube.  The  front  of  the  food  box  was  part  of  the  back  of  the  cage 
and  its  door  opened  directly  into  the  cage.  The  door  was  fastened 
by  an  old-fashioned  tum  button  similar  to  the  one  in  the  cat  box 
illustrated  above.  The  button  had  to  be  turned  through  an  angle 
of  90  degrees  before  the  door  of  the  box  could  be  opened.  A  greater 
or  less  tum  would  keep  the  door  of  the  box  closed  and  at  times  the 
animal  would  tum  it  around  too  much  so  that  a  nimiber  of  extra  ef- 
forts would  have  to  be  directed  against  the  button  to  keep  it  in  the 
exact  location  for  the  opening  of  the  door.  The  button  of  the  food 
box  was  placed  sufficiently  high  so  that  the  animal  had  to  stand  and 
reach  for  it.  A  himgry  animal  was  placed  in  the  small  cage,  food 
was  put  in  the  box  and  the  animal  attempted,  particularly  after  its 
first  few  trials,  to  get  at  the  food. 
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The  second  association  which  was  taught  the  monkeys  was  what 
may  be  called  the  hurdle.  This  gave  a  situation  a  little  more  compli- 
cated. The  animal  was  placed  on  a  box  10  inches  high  from  which 
it  jumped  or  walked  to  a  bar  15  inches  high,  thence  to  a  bar  10  inches 
high  and  through  a  hole  in  a  box  which  was  six  inches  deep,  the  hole 
itself  being  six  inches  in  diameter,  then  up  and  down  two  short  lad- 
ders placed  together  and  finally  it  lifted  the  lid  of  the  middle  one 
of  three  boxes  in  which  it  found  some  food. 

Neither  my  cats  nor  monkeys  were  kept  in  such  an  extreme  condi- 
tion of  himger  as  Thomdike's  cats  and  dogs,  and  they  were  probably 
slower  in  getting  associations  formed.    The  main  object  of  the  work, 
however,  being  to  get  the  associations  formed  rather  than  to  deter- 
mine the  time  for  this  formation,  this  is  of  no  consequence.    With 
the  monkeys  it  was  found  advisable  to  accustom  the  animal  to  the 
cage  for  some  days  before  any  experiments  were  made  with  it  and 
at  times  during  these  days  the  animal  was  put  in  the  cage  and  was 
fed  slowly  by  the  food  which  it  foimd  in  the  food  box,  small  pieces 
being  placed  there  from  time  to  time  during  periods  of  about  an  hour. 
When  an  animal  had  learned  the  association  of  opening  the  door 
of  btiUan,  string  front,  string  above,  hurdle  or  food  box,  it  was  usually 
put  aside  for  a  week  or  ten  days  with  no  practice,  and  then  its  memory 
was  tested.    In  most  cases  a  few  extra  trials  to  get  the  habit  well 
learned  were  given  and  then  the  frontal  lobes  were  cut  away  from 
the  rest  of  the  cerebrum.    In  some  cases  the  animal  was  set  aside 
for  longer  periods  and  its  memory  tested  after  intervals  of  two,  three, 
or  four  months.    This  was  the  case  particularly  with  some  monkeys 
and  this  matter  will  be  mentioned  when  the  experimental  results 
are  being  considered.    About  35  cats  were  used  in  the  experiments 
but  not  all  of  these  survived  the  operation  for  a  sufficient  length  of 
time  to  make  their  results  of  value  in  this  work.    Ten  of  the  monkeys 
learned  one  or  both  of  the  associations  and  survived  the  operation 
for  a  sufficient  length  of  time  to  determine  the  presence  or  absence 
of  the  sensory-motor  associations.    Eight  of  the  monkeys  were  of 
the  macacque  family  and  two  were  ringtails. 

The  cats  were  placed  in  the  boxes  when  himgry,  food  was  placed 
outside,  and  each  cat  was  watched  imtil  it  had  opened  the  door  and 
had  obtained  the  milk  or  meat  or  fish.  With  the  monkeys,  an  ani- 
mal was  placed  in  the  food  box  cage — and  watched  imtil  it  had  opened 
the  door  and  obtained  the  food;  or,  attached  to  a  chain  and  collar, 
it  was  placed  on  the  first  part  of  the  hurdle  and  observed  until  it  had 
gone  over  or  through  the  various  obstacles  to  the  boxes  at  the  end. 
In  this  latter  experiment  the  animal  did  not  at  first  imderstand 
what  was  wanted,  but  by  means  of  its  chain  it  was  pulled  through 
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until  it  would  voluntarily  start  by  itself.*  The  time  for  the  perfonn- 
ance  of  the  act  in  the  experiments  was  recorded,  and  the  speed  to- 
gether with  the  elimination  of  random  movements  indicated  when 
the  habit  was  well  fonned.  In  the  case  of  cats  the  time  of  escape 
from  the  boxes  after  twenty  or  thirty  experiments  averaged  about 
two  or  three  seconds.  The  'food  box'  adjustment  could  be  made  by 
a  monkey  in  about  one  second  after  10  to  20  trials.  The  time  for 
the  'hurdle'  could  not  be  easily  determined,  because  any  movement 
of  other  animals  in  their  cages  or  of  the  experimenter  produced  a 
distraction,  and  the  animal  usually  paused  to  look  about. 

The  retention  of  the  association  imder  any  set  of  conditions,  e,  g., 
after  an  interval  of  a  month,  or  after  the  extirpation  of  part  of  the 
cerebrum,  may  be  learned  by  placing  the  animal  in  the  box  or  other 
appropriate  environment.  If  the  time  for  the  performance  of  the 
act  of  turning  the  button  or  pulling  the  string,  etc.,  remain  the  same 
as  when  the  earlier  experiments  were  made,  we  are  warranted  in  say- 
ing that  the  association  is  retained  and  the  nervous  connections 
for  the  performance  of  the  habit  have  not,  in  the  case  of  extirpation, 
been  interfered  with.  If  the  time  be  somewhat  longer  or  the  motor 
response  not  so  accurate,  we  may  obtain  a  fair  idea  of  how  well  or  how 
ill  the  habit  has  persisted.  If  the  association  appears  to  be  lost,  if 
the  animal  does  not  act  in  an  appropriate  manner  in  its  environ- 
ment, we  can  conclude  that  the  nervous  tracts  have  been  interfered 
with,  either  fimctionally  or  anatomically.  In  this  latter  case,  if 
the  time  interval  between  the  trials  be  long,  and  if  the  animal  has 
not  been  operated  upon,  we  conclude  that  the  'memory'  for  the  par- 
ticular act  is  lost;  if  there  has  been  operative  interference,  the  loss 
of  the  habit  may  be  due  to  an  inhibitory  action  (in  the  case  of  man 
such  inhibition  may  result  from  fever  and  its  attending  delirium  or 
from  that  little  understood  state  called  'shock'),  to  the  section  of 
the  nervous  tracts  or  to  destruction  of  the  nervous  elements  by  which 
the  association  is  produced. 

*  Thorndike  seems  to  doubt  the  possibility  of  doing  this  for  he  says  that 
'*no  animal  who  fails  to  perform  an  act  in  the  course  of  his  own  impulsive  ac- 
tivity will  learn  it  by  being  put  through  it.**  {Animal  Intelligence ^  p.  68.) 
In  this  experiment,  viz,,  *hurdle,*  the  association  is  undoubtedly  more  com- 
plex than  in  the  case  of  'food  box'  and  too  much  time  would  have  been  used 
by  allowing  the  animal  to  get  the  association  formed  by  its  own  impulsive  ac- 
tivity. The  method  was  adopted  and  used  with  success,  so  that  much  time 
was  saved.  The  fact  that  animals  can  learn  in  this  manner  is  of  interest  from 
the  standpoint  of  animal  psychology,  but  no  discus.sion  of  it  will  be  attempted 
here.  In  the  present  work  the  important  factor  was  the  production  of  the 
habit  or  association,  and  any  method  was  justifiable  that  would  have  the  habit 
fixed  in  the  shortest  possible  time. 


IV.    RESULTS 

Two  series  of  J^niTnAla  were  iised  in  the  course  of  the  work,  namely 
cats  and  monkejrs.  Cats  were  found  very  convenient  to  handle  and 
easy  of  operation.  On  the  other  hand,  the  monkeys  give  results  which 
are  more  nearly  in  accord  with  what  we  should  expect  from  man. 
The  accompanying  figures  give  an  idea  of  the  appearance  of  the  brains 
of  these  two  animals.  Fig.  II.  is  an  illustration  of  the  cat's  brain 
from  the  superior  and  lateral  aspects  and  for  convenience  I  have 
marked  on  the  diagram  that  part  which  is  known  to  be  concerned 


iHg.  II.— Diagram  of  a  cat's  brain,  reduced.    Adapted  from  Wilder  and  Gage, 

and  from  Ferrier,  showing  the  superior  and  lateral  aspects  of  the 

cat's  brain.    The  motor  area  is  indicated  by  cross  hatching. 


more  especially  with  movement.  The  crucial  sulcus  is  the  posterior 
limit  of  the  frontal  lobes  corresponding  in  a  way  to  the  Rolandic 
fissure  in  man  and  in  monkeys.  The  supraorbital  fissure  divides 
the  frontal  region  into  the  post-  and  prefrontals  and  in  the  experi- 
ments I  endeavored  to  extirpate  always  in  front  of  the  crucial  sulcus 
and  often,  as  will  be  found  in  the  later  diagrams,  the  section  was  made 
in  the  immediate  neighborhood  of  the  supraorbital  fissure.  Id  my 
hands  stimulation  of  the  region  between  the  supraorbital  and  cru- 
cial fissures  did  not  give  any  constant  motor  response  although  occa- 
sionally slight  muscular  movements  were  noticed. 

A  diagrammatic  illustration  of  the  brain  of  a  macacque  is  given  in 
Fig.  III.  The  motor  region  in  the  macacque  is  situated  anterior 
to  the  fissure  of  Rolando  and  adjoining  the  precentral  sulcus.  An- 
terior to  the  precentral  fissure  we  may  coimt  as  the  true  frontal  region 
comprising  the  prefrontal  and  the  frontal.    In  the  operations,  ex- 
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cept  where  the  attempt  was  made  to  extirpate  other  regions,  I  en- 
deavored to  limit  the  lesions  to  the  portion  of  the  cerebrum  anterior 


Rreccn+val 


Parallel 


T?udi»T^enta 


^Affensjialte 

Inferior 
Occi|^ital 


Pig.  III. — Diagram  of  brain  of  macacque  monkey  (giving  the  lateral  aspect  of 
the  left  hemisphere ) .  From  Lesem,  Journal  of  Comparative  Neuro- 
logy^ J  903.    Only  the  principal  fissures  are  here  marked. 

to  the  precentral  fissure.    The  diagrams  which  accompany  the  ac- 
coimt  of  the  experiments  illustrate  how  well  this  has  been  done. 

A.  The  Loss  of  Habits  after  Extirpation  of  Both  Frontal  Lobes 

In  Hitzig's  experiment  we  have  seen  that  the  dog  could  not  find 
its  food  on  the  table  after  the  removal  of  the  frontal  areas.  The 
result  obtained  by  Bianchi  with  his  chacma  who  had  previously 
learned  the  'salute'  is  about  the  same.  We  may  say  that  in  both 
cases  the  association  of  the  sensory  and  motor  parts  of  the  habits 
was  lost  or  at  any  rate  greatly  disturbed.  Similar  results  were  ob- 
tained by  me  with  all  the  cats  upon  which  I  operated  bilaterally  in 
the  frontal  region.  Some  of  the  monkeys  give  the  same  results 
and  others,  as  will  be  seen,  gave  negative  results.  The  account  of 
these  experiments  follows. 

I.  Cat  4.  Very  active  female  about  5  months  old.  This  animal 
learned  in  a  period  of  a  week  the  habits  or  associations  of  bvUon  and 
string  above.  At  the  end  of  the  week's  test  the  cat  escaped  from 
either  box  in  from  one  to  two  seconds.  The  cat  was  operated  upon 
and  both  frontals  excised^  at  the  operation.  Later  in  the  day  the 
anipial  seemed  in  good  condition  but  of  course  rather  sleepy  from 

*  The  terms  excision,  removal,  ablation,  extirpation  and  the  corresponding 
verbs  are  used,  because  of  lack  of  better  ones,  to  indicate  that  the  frontals  or 
other  parts  of  the  cerebrum  were  separated  from  the  remainder  of  the  brain. 
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the  effect  of  the  anesthetic.  On  the  following  day,  however,  it  seemed 
dazed  and  would  not  eat.  However,  it  followed  me  about  the  animal 
room  when  called,  though  not  by  name,  and  it  is  to  be  noted  that 
this  coming  to  a  call  is  a  habit  that  was  not  lost.  In  its  cage  it  ap- 
peared restless,  moving  up  and  down  in  front  of  the  wire  netting 
and  very  slight  noises  seemed  to  affect  it.  Two  dajrs  after  the  opera- 
tion the  animal  seemed  much  better.  It  ate  well  and  nothing  im- 
usual  was  quoted  about  it;  its  restlessness  had  very  largely  disappeared. 
At  this  time  it  was  tested  in  regard  to  the  retention  of  the  habits 
which  had  previously  been  formed  and  these  were  foimd  to  have 
been  lost.  During  the  following  six  days  the  animal  was  repeatedly 
tested  in  both  boxes  but  there  appeared  to  be  no  evidence  of  reten- 
tiveness.^  At  this  time  other  observers  said  the  cat  appeared  to  be 
very  much  like  a  normal  animal.  Soon,  however,  signs  of  distemper 
appeared  and  the  animal  was  killed  to  prevent  contagion,  nine  days 
after  the  operation.  During  the  progress  of  the  experiments  after 
the  operation  it  was  noted  that  when  the  cat  was  put  in  one  of  the 
boxes  it  would  put  its  nose  or  its  paws  between  the  slats  and  it  would 
scratch  aroimd  in  the  same  manner  as  it  did  when  it  began  to  learn 
the  associations.  To  all  who  observed  the  cat  at  that  time  it  was 
evident  that  no  memory  of  the  habits  was  present.  It  is  interest- 
ing to  note,  however,  that  six  days  after  the  operation  the  cat  suc- 
ceeded in  escaping  from  the  string-above  box  by  crawling  out  of  the 
top.  In  all  the  boxes  used  with  cats  a  top  slat  was  left  unfastened 
as  a  convenient  method  of  putting  the  animal  into  the  box.  In  this 
case  the  cat  accidentally  pushed  aside  the  slat  and  when  it  noticed 
this  it  inmiediately  crawled  out.  Before  the  operation  in  these  ex- 
periments this  slat  was  held  down  by  a  brick  or  by  the  experimenter's 
foot,  so  that  no  'memory'  can  be  said  to  have  been  present  of  such 
a  means  of  escape.  In  fact,  the  slat  was  accidentally  pushed  aside 
and  it  was  some  time  before  notice  was  taken  of  it  and  escape  ef- 
fected. 

Another  observation  of  interest  is  in  regard  to  emotional  reaction. 
In  the  animal  room  there  was  a  cage  of  mice.  Immediately  before 
the  operation  each  cat  was  held  in  front  of  this  cage  and  its  reactions 
noted.  In  this  cat,  as  in  all  others,  the  same  sort  of  response  was 
obtained  after  the  operation  as  before  it.  The  heart  beat  more 
rapidly,  the  eyes  followed  the  movements  of  the  running  mice,  and 


^  Two  minutes  were  allowed  the  animal  as  a  sufficient  time  in  which  to 
open  the  door.  If  the  cat  did  not  pull  the  string  or  push  the  button  in  the  two 
minutes,  it  was  taken  out  and  the  trial  was  counted  a  '^failure."  This  amount 
of  time  was  sufficient  for  the  cat  to  open  the  box  if  the  association  was  retained. 
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it  repeatedly  attempted  to  jump  from  my  arms  upon  the  cage  in  order 
to  obtain  its  prey. 

A  diagram  of  the  brain  of  this  animal  is  given  in  the  accompany- 
ing figure.    On  autopsy  the  brain  was  found  normal  except  at  the 


Fig.  IV. — Brain  of  cat  4,  from  superior  aspect,  showing  points  by  cross-hatching 
where  the  frontals  were  cut  away  from  the  rest^of  the  brain. 

point  where  the  incision  into  the  brain  had  been  made.  No  hernia 
of  the  brain  substance  was  found  and  the  scalp  woimd  was  well  healed. 
The  part  of  the  brain  destroyed  by  the  operation,  it  is  seen,  is  well 
within  the  frontal  areas. 

This  case  is  typical  of  all  the  other  experiments  in  cats,  and  it  is 
important  to  keep  in  mind  the  following  four  facts:  (a)  The  recently 
formed  habits  of  opening  the  box  by  pressing  on  the  button  or  pulling 
at  or  pushing  the  string  were  lost  after  extirpation  of  the  frontal 
lobes.  (6)  The  impulse  (or  we  may  say  the  inherited  habit  or  ten- 
dency) to  escape  from  an  enclosed  space  remained  perfectly  imder 
the  same  conditions,  (c)  The  habit  of  coming  at  call  was  retained. 
(d)  The  emotional  response  was  the  same  after  as  before  the  opera- 
tion. 

II.  Cat  5.  An  active  female  about  six  months  old.  This  cat 
also  learned  to  escape  from  the  boxes  string  front  and  string  above 
in  2J  and  6  seconds,  respectively,  after  practice  of  8  days. 

Both  frontals  were  excised,  the  cat  having  been  anesthetized 
with  ether  and  given  0.75  gram  chloral  hydrate  by  mouth.  For 
three  days  after  the  opa:ution  the  cat  was  drowsy  and  apathetic. 
When  taken  from  the  cage  it  would  walk  a  few  steps  and  then  stop. 
There  was  no  motor  defect  and  no  sensory  change  so  far  as  I  could 
determine,  although  it  seemed  to  have  no  objection  to  wetting  its 
paws  and  in  this  respect  differed  from  a  normal  cat.  Three  days 
after  the  operation  it  appeared  quite  normal,  but  when  put  in  the 
boxes  to  determine  its  retentiveness  it  did  not  pull  the  string  in  front 
or  the  string  above.  It  clawed  about  the  cage,  endeavoring  to  get 
out,  sat  down  quietly  for  a  few  seconds  and  began  all  over  again. 
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In  the  two  minutes  which  I  allowed  it  for  this  it  did  not  hit  upon 
either  of  the  strings  to  make  its  escape.  After  this  time  and  imtil 
it  was  killed,  ten  da3rs  later,  nothing  imusual  was  noted  in  its  behavior 
except  that  it  did  not  retain  the  habits  that  had  previously  been 
formed.  Four  days  after  the  operation,  in  regard  to  string  front,  I 
made  the  following  note:  "In  a  general  way  the  cat  seems  to  re- 
member the  place  where  its  paw  should  be  put  to  get  at  the  cord  but 
the  paw  is  placed  only  between  the  slats,  not  through  them."  By 
'remember'  I  here  meant  that  there  were  more  impulses  at  or  near 
the  appropriate  space  through  which  the  cat  should  have  put  its  paw. 
In  string  front  it  will  be  remembered  it  was  necessary  for  the  animal 
to  put  its  paw  about  two  inches  beyond  the  bars  to  enable  it  to  prop- 
erly pull  the  string. 

This  animal  showed  the  same  sort  of  emotional  response  when  held 
before  the  cage  of  mice  as  had  cat  4. 

The  accompanying  diagram  shows  the  points  of  the  lesions  in  this 
animal.    In  this  case  there  can  be  no  doubt  that  only  the  prefrontal 


Fig.  V. — Diagram  of  brain  of  cat  5. 

region  was  extirpated,  the  lesion  or  the  part  extirpated  being  exclu- 
sively at  the  tip  of  the  frontal  lobe. 

III.  Cat  9.  Female,  about  8  months  old.  This  animal  was  prac- 
ticed on  the  same  boxes  as  the  previous  cat  for  a  period  of  two  weeks, 
at  which  time  both  habits  were  fully  formed.  The  times  for  escape 
averaged  3  and  5  seconds,  respectively,  for  string  front  and  string 
above.  Two  weeks  later  its  normal  retentiveness  was  tested  and 
found  to  be  good.  It  escaped  from  string  front  in  an  average  time 
of  2J  seconds  (5  experiments)  and  in  6  seconds  for  string  above  (5 
experiments).  Although  the  habit  was  perfect,  the  animal  was  further 
practiced  at  intervals  of  three  days  until  operation,  which  occurred 
ten  dajrs  after  these  memory  tests. 

The  animal  was  given  three-tenths  of  a  gram  of  chloretone  and 
during  the  operation  ether  was  used.    Both  frontals  were  cut.    The 
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animal  had  a  good  recovery  after  the  extirpation  and  on  the  following 
days  seemed  quite  like  a  normal  animal.  It  had  no  motor  disturb- 
ance nor  were  there  any  sensory  changes  noticed.  It  followed  me  about 
the  room  but  when  placed  in  the  boxes  the  appropriate  responses 
were  not  obtained.  It  moved  around  within  the  boxes,  scratched 
in  different  places,  put  its  paws  between  the  bars  and  several  times 
it  would  paw  in  the  proper  place  to  pull  the  string.  In  these  cases, 
however,  it  did  not  complete  the  movement.  The  impulses  to  es- 
cape were  about  the  same  as  they  were  in  the  first  part  of  the  experi- 
ments, but  perhaps  the  animal  was  a  trifle  less  active.  Trials  to 
determine  its  retentiveness  were  given  at  various  times  during  two 
weeks  after  the  operation  until  it  was  killed,  but  it  showed  no  signs 
of  retentiveness  of  the  habits. 

The  emotional  effects  before  and  after  the  operation  were  the 
same  as  in  the  preceding  cases. 


Fig.  VI. — Diag^m  of  brain  of  cat  9.    The  lesion  in  this  case  was  further  back 
than  in  any  other  frontal  operations. 

In  this  animal  the  autopsy  showed  that  the  lesions  were  much  be- 
hind the  point  intended;  in  fact  the  knife  went  through  a  part  which 
might  be  distinctly  called  the  motor  areas,  but  it  should  be  remem- 
bered that  no  motor  defects  were  found  after  the  operation.  The 
accompanying  figure  gives  an  idea  of  the  lesions  in  this  case. 

IV.  Cat  11.  Female,  about  9  months  old.  This  cat  was  trained 
for  a  period  of  nine  days,  at  the  end  of  which  time  it  developed  signs 
of  distemper.  During  this  period  it  was  isolated  and  not  used  for 
experimental  purposes.  It  recovered  after  about  17  days,  when 
its  retentiveness  was  found  to  be  excellent.  It  was  again  given  a 
few  more  trials  at  both  button  and  string  above,  and  its  memory  tested 
again  after  a  39  days'  interval,  when  it  was  found  that  the  habits 
were  well  retained.  The  cat  was  given  0.5  gram  of  chloral  hydrate 
in  addition  to  A.C.E.  mixture  at  the  time  of  operation.  Both  fron- 
tals  were  cut  away.  Five  hours  after  the  operation  the  animal  seemed 
quite  normal  so  far  as  its  motor  activity  was  concerned  except  that 
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it  was  inclined  to  remain  very  quiet,  and  a  short  while  after  the  opera- 
tion it  had  an  'ether  and  chloral  drunk.'  The  drowsiness  and  in- 
activity were  undoubtedly  caused  by  the  chloral.  The  day  follow- 
ing the  operation  it  responded  to  a  call  and  there  were  some  slight 
inaccuracies  of  adjustment  in  walking.  These  motor  disturbances 
disappeared  by  the  following  day  and  they  may  have  been  due  to 
the  chloral.  This  day  the  animal  did  not  solve  the  problem  of  the 
boxes.  The  following  day  and  for  five  days  more  the  cat  was  placed 
in  the  boxes  each  day,  but  during  this  period,  although  very  active 
in  scratching  about  the  boxes  and  trying  to  escape,  there  was  no  evi- 
dence of  retention  of  the  habits.  After  the  seventh  day  the  cat  slowly 
releamed  the  habits  but  this  matter  will  be  more  fully  considered 
in  a  later  portion  of  the  article. 


I 

Pig.  VII.— Diagram  of  brain  of  cat  11. 

The  lesions  in  this  animal  were  foimd  to  be  in  the  frontal  region 
anterior  to  the  crucial  sulcus,  that  on  the  right  being  more  on  the 
lateral  aspect  of  the  cerebrum.  There  was  no  hernia  or  other  dis- 
turbance beyond  the  cut. 

V.  Monkey  5.  Female  rhesus  (macacus  rhesus)  about  a  year 
old.  This  animal  learned  after  about  5  days  (25  trials)  to  solve 
the  button  of  the  food  box.  It  was  then  put  aside  for  a  period  of 
ten  da3rs  and  its  memory  tested,  which  was  found  to  be  perfect.  The 
average  time  for  opening  the  button  before  the  interval  was  two 
seconds.  Both  frontals  were  then  cut,  the  operation,  as  in  cats, 
being  performed  in  the  manner  which  Schafer  advocates,  viz,,  the 
separation  of  the  frontals  from  the  rest  of  the  brain  without  the  re- 
moval of  these  portions.  The  animal  recovered  from  the  anesthetic 
(A.C.E.  mixture)  well  and  in  the  afternoon  ate  food,  a  lump  of  sugar, 
and  drank  water.  There  was  no  incoordination  in  taking  the  food 
or  in  taking  the  shells  ofF  peanuts.  It  walked  well,  although  it  seemed 
a  trifle  drunk,  but  the  following  day  I  could  not  determine  any  change 
on  the  sensory  side.    The  day  after  the  operation  the  animal  was 
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tested  in  the  box  but  it  did  not  go  near  the  food  box.  For  the  next 
two  days  it  still  showed  no  retentiveness  of  the  habit  and  some  time 
during  the  third  or  fourth  day  the  animal  died.  The  cause  of  this 
is  imknown,  but  it  is  probable  that  pneumonia  set  in.  During  the 
time  it  lived  after  the  operation,  namely  three  days,  it  was  not  so 
active  as  it  had  been,  but  it  was  active  enough  to  open  the  door  of 
the  food  box  if  the  habit  had  been  retained.    Figure  VIII.  shows 


Fig.  VIII. — Diag^m  of  brain  of  rhesus  5. 

the  brain  of  this  animal  and  it  is  seen  that  both  frontalshad  been  ex- 
cised anterior  and  close  to  the  precentral  fissure. 

VI.  Monkey  12.  Female  rhesus  about  9  months  old.  This  ani- 
mal also  was  practiced  in  the  food  box  experiment,  which  was  learned 
after  30  trials,  so  that  the  animal  obtained  its  food  in  an  average 
time  of  one  and  a  half  seconds.  Two  weeks'  interval  without  ex- 
periments of  this  kind  were  then  given  and  it  was  found  that  the 
animal  retained  the  habit  after  the  fourteen  days.  The  operation 
on  both  frontals  was  performed  and  the  animal  seemed  quite  drowsy 
and  apathetic  for  the  rest  of  the  day.  The  following  morning  it  was 
brighter.  It  seemed  to  have  no  defect  of  movement  or  of  sensations. 
It  conveyed  food  to  its  mouth  well.  This  animal  was  quite  active. 
When  put  in  the  cage  to  test  its  retentiveness  two  days  after  the 
operation  it  shook  the  netting  over  the  door  and  peered  around  all 
over  it,  but  did  not  pay  any  special  attention  to  the  food  box.  It 
was  taken  out  in  two  minutes,  a  procedure  which  I  have  already 
said  I  followed  with  the  cats.  It  was  tried  again  the  following  day 
and  its  appearance  and  actions  in  the  cage  were  that  of  an  animal 
that  was  in  a  new  situation.  It  acted  as  if  it  had  not  been  in  that 
cage  before.    The  animal  died  on  the  fifth  day. 
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At  the  autopsy  it  was  found  that  there  were  some  hernia  of  the 
cerebral  substance  coming  through  the  openings  made  by  the  tre- 
phine but  the  lesion  was  within  the  frontal  region.  Death  in  this 
case  may  have  been  due,  but  this  was  not  determined,  to  the  increase 
in  intercranial  pressure  and  to  oedema  of  the  brain. 

Figure  IX.  gives  a  diagram  of  the  left  side  of  the  cerebrum  of 


Fig.  IX. — Diagram  of  brain  of  monkey  12. 

monkey  12.  The  areas  which  were  extirpated  comprised,  as  will  be 
seen,  dl  of  the  prefrontal  and  part  of  the  frontal. 

These  last  two  cases  lived,  as  noted  above,  only  a  short  time,  and 
in  themselves  are  probably  of  little  value  in  drawing  conclusions, 
but  must  be  considered  in  relation  to  the  results  of  the  next  cases 
in  which  the  animals  lived  for  a  sufficient  period  after  the  operation 
to  insure  the  surety  of  the  findings.  It  should  be  noted,  however, 
that  both  animals  lived  as  long  after  the  operation  as  many  indi- 
viduals do  after  accidents  whose  cases  are  used  by  clinicians  and 
considered  of  much  value. 

VII.  Monkey  22.  Female  rhesus,  about  15  months  old.  This 
animal  was  practiced  on  both  ladders  and  food  box  for  ten  days 
over  a  period  of  two  weeks,  5  experiments  each  day.  After  it  had 
thoroughly  learned  both  food  box  and  hurdles  so  that  the  food  box 
could  be  opened  in  an  average  time  of  about  two  seconds  and  the 
hurdle  could  be  gone  over  and  through  in  about  15  seconds  the  ani- 
mal was  operated  upon  and  both  frontals  extirpated.  The  animal 
recovered  from  the  effect  of  the  anesthetic  quite  well  so  that  five 
hours  after  the  operation  it  seemed  quite  lively  and  ate  food  and  drank 
water.  There  were  slight  ecchymoses  about  the  eyes  the  following 
morning.  The  bandage  bad  been  put  on  tightly  and  there  was  a 
slight  oedema  of  the  head.  The  bandage  was  taken  ofiF,  replaced 
more  loosely  and  the  oedema  disappeared.  The  day  following  the 
operation  the  animal  was  quite  normal,  a  little  restless  perhaps, 
but  with  no  evident  sensory  or  motor  defect.  When  tried  on  the 
second  day  over  the  hurdles  it  had  to  be  pulled  along  by  the  chain. 
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Even  then  at  the  end  it  did  not  appreciate  that  one  of  the  boxes 
was  to  be  opened  so  as  to  get  its  food.  This  habit  at  this  time  did 
not  seem  to  be  retained.  On  the  third  day  it  was  tried  in  the  food 
box  cage  but  made  no  move  to  turn  the  button.  At  intervab  dur- 
ing the  next  ten  days  the  animal  was  tried  on  both  pieces  of  appara- 
tus and  at  no  time  did  it  show  any  signs  of  retention  of  the  appropriate 
motor  adjustment.  The  animal  was  then  allowed  to  rest  without 
any  experiments  for  a  period  of  several  days  and  then  I  began  actively 
to  attempt  its  re-education  in  the  same  manner  as  I  had  with  cat 
11  (Case  IV.)  and  this  matter  will  be  discussed  in  a  later  portion. 
The  animal  died  52  days  after  the  first  operation  as  a  result  of  a  second 
operation  on  the  frontal  lobes.  A  diagram  of  the  brain  showing  the 
sites  of  the  lesions  is  given  in  Fig.  X. 


Fig.  X. — Diagram  of  brain  of  female  rhesus  22. 


VIII.  Monkey  8,  male  ringtail.  The  preliminary  experiments 
with  this  animal,  namely  in  the  habit  of  the  hurdlea,  were  extended 
over  about  a  month.  Eventually  the  animal  learned  to  go  over 
and  through  the  ladders  and  to  select  the  middle  box  in  which  the 
food  was  placed.  At  the  same  time  the  animal  had  learned,  and 
in  fact  had  acquired  the  habit  some  months  previously,  of  jumping 
from  a  shelf  to  my  shoulder  when  I  snapped  my  fingers. 

The  operation  was  performed  on  both  frontals.  Two  days  later 
the  animal  climbed  over  its  cage,  used  its  tail  well  to  wrap  aroimd 
things — bars,  etc.  When  put  on  its  chain  to  be  taken  over  the 
hurdle  it  resisted  and  when  placed  on  the  first  part  of  the  hurdle  made 
no  efifort  to  go  through  with  the  experiments.   It  was  pulled  through 
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by  means  of  the  chain,  but  at  the  end  it  did  not  open  any  of  the  boxes 
and  only  when  the  box  was  opened  did  it  then  look  for  food.  It 
went  in  the  room  without  its  chain  and  on  the  shelf  or  in  its  cage 
it  would  jump  to  my  shoulder  when  I  snapped  my  fingers.  Other 
trials  with  this  ringtail  on  the  hurdle  showed  that  it  had  completely 
lost  that  association.    This  animal  lived  for  eleven  weeks. 

It  should  be  mentioned  that  this  animal  showed  a  difference  in 
its  emotional  reaction  after  the  operation.  It  chattered  and  screamed 
a  great  deal  when  other  animals  approached  it  and  when  I  put  it 
on  a  chain  it  screamed  and  chattered  sometimes  for  three  or^four 
minutes  before  it  became  accustomed  to  the  lack  of  freedom.  It 
chattered  and  screamed  also  when  I  approached  it  to  make  it  jump 
to  my  shoulder  although  it  did  this  very  well. 

The  autopsy  showed  the  lesion  to  be  at  the  tips  of  both  frontals.  *^'^ 
IX.  Monkey  7,  male  ringtail.  About  a  year  and  a  half  old  at  time 
of  operation.  This  animal  was  also  taught  to  go  through  the  hur- 
dleSf  which  it  did  immediately  before  the  operation  in  an^average 
time  of  sixteen  seconds.  Operation  on  both  frontals.  This  ring- 
tail also  showed  no  motor  distm-bance  after  the  operation.  It  jumped 
from  a  shelf  or  its  cage  to  my  shoulder  with  its  accustomed  surety, 
climbed  up  the  cages  and  on  the  bars  in  the  room,  chairs,  etc.    It 


Pig.  XI.— Diagrams  of  brains  of  male  ringtails.  A.  Monkey  8  ;  B.  Monkey  7. 
sat  about,  dressed  the  skin  of  another  monkey  as  well  as  it  did  before 
the  operation.  It  did  not,  however,  seem  to  'remember'  the  hur- 
die  experiment.  It  also  had  to  be  pulled  through  boxes,  over  the 
ladder  and  at  the  end  it  did  not  attempt  to  pick  food  out  of  the  food 
boxes.  This  animal  seemed  less  active  after  the  operation  than  be- 
fore. It  got  'rheumatism,'  or  at  least  the  muscles  of  the  leg  became 
stiff  and  evidently  painful  about  a  month  after  the  operation  and  I 
did  not  attempt  to  carry  on  the  re-education  of  the  animal  after  this 
time.  The  animal  survived  the  operation  about  six  months  and 
the  autopsy  showed  the  lesion  to  be  somewhat  further  back  than 
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No.  8,  but  within  the  frontal  areas.  Both  ringtails,  it  will  be  ob- 
servedy  lost  their  newly  formed  habits  but  retained  the  habits  of 
earlier  formation,  namely  that  of  jumping  to  my  shoulder,  which  I 
had  practiced  with  them  for  about  seven  months  previous  to  the  opera- 
tion. 

In  this  animal  the  lesion  is  in  the  neighborhood  of  both  rudimen- 
tary fissures  anterior  to  the  precentral  sulci,  cutting  off  the  extreme 
tips  of  both  frontals. 

X.  Monkey  2.  Female  rhesus  about  a  year  old.  This  animal 
learned  the  food  box  experiment.  Its  memory  was  tested  about  three 
weeks  later  and  found  to  be  perfect.  It  was  then  operated  upon 
in  both  frontals  and  the  habit  of  the  food  box  was  lost.  Following 
the  operation  I  did  not  note  any  motor  or  sensory  deficiencies  and 
the  animal  seemed  otherwise  like  a  perfectly  normal  monkey  and 
with  little  mental  change.  The  mental  change  was  that  it  was  not 
so  friendly  as  before  and  it  chattered  somewhat  when  strangers  ap- 
proached. When  about  in  the  cage  with  other  monkeys,  however, 
it  got  along  well  with  them  and  after  a  time  the  difference  in  its  be- 
havior to  what  it  had  previously  been  was  not  so  marked.  This 
animal  eventually  releamed  to  open  the  food  box  and  it  unf ortimately 
died  at  the  time  of  the  second  operation.  In  this  animal  the  first 
lesion  was  quite  near  but  behind  the  precentral  sulcus. 


Fig.  XII. — Diagram  of  brain  of  rhesus  2. 


From  these  experiments,  both  on  cats  and  monkeys,  it  is  seen 
that  the  newly  formed  habits  were  lost.  In  several  cases  habits  of 
longer  standing  were  not  lost.  It  might  be  supposed  that  one  could 
conclude  from  these  and  other  similar  experiments  that  the  frontal 
lobes  are  concerned  with  the  production  and  the  retention  of  simple 


RESULTS  47 

sensory  motor  habits.  A  very  valid  objection,  however,  may  be 
urged  against  considering  the  matter  settled  by  these  experiments 
alone.  This  objection  is  that  the  results  may  show  only  an  uihibitory 
action.  They  may  show  only  that  the  habits  are  lost  whenever 
the  integrity  of  the  brain  is  destroyed  and  not  whenever  one  portion 
of  the  brain  is  affected.  Such  a  criticism  is,  however,  equally  potent 
against  the  results  of  Hitzig's  and  of  Bianchi's  experiments  and  of 
those  of  other  investigators.  Whether  the  loss  of  habits  is  due  to 
the  destruction  of  that  part  of  the  brain  concerned  in  the  mechanism 
of  the  simple  habits  or  due  to  surgical  shock  is  not  decided  by  the 
experiments. 

B.  The  Effect  of  Surgical  Shock  upon  the  Retention  of  Associations. — 
I  think,  however,  that  the  following  experiments  demonstrate  clearly 
that  the  loss  of  the  habits  in  these  cases  is  not  due  to  surgical  shock 
or  to  any  other  disturbance  of  the  brain  as  a  whole.  In  cats  this 
is  very  evident  and  in  the  few  experiments  on  monkeys  it  is  indi- 
cated quite  clearly. 

Let  us  first  consider  the  effect  of  the  operation  on  an  animal  in 
which  the  operation  was  carried  only  up  to  the  point  of  the  destruc- 
tion of  brain  tissue  without  actually  touching  the  brain.  In  this 
experiment  the  animal  was  etherized  as  usual,  the  skull  was  trephined 
over  the  frontal  lobes  on  both  sides  and  the  dura  was  cut.  The  brain 
was  not  injured.  The  scalp  was  then  stitched  together  and  the  ani- 
mal was  observed. 

XI.  Cat  14.  Active  male,  about  9  months  old.  This  animal 
learned  habit  string  front.  The  average  time  for  the  performance 
on  the  day  of  the  operation  was  2§  seconds.  The  operation  was 
performed  as  described  above.  Fifteen  minutes  after  the  operation 
the  cat  walked  about  the  room  and  tumbled  about  a  bit,  seemingly 
a  trifle  drunk  from  the  anesthetic.  No  test  of  the  memory  was  made 
on  that  day.  Twenty-foiu-  hours  after  the  operation  the  cat  was 
placed  in  the  string  front  box  and  gave  the  appropriate  motor  response 
as  readily  as  before  the  operation-  The  average  time  in  ten  trials 
was  2J  sconds.  No  change  in  the  behavior  of  the  animal  was  noted 
from  the  time  of  the  operation  until  it  was  killed  five  weeks  later. 
At  the  autopsy  the  dura  was  found  adherent  at  the  skull  and  there 
had  been  an  attempt  at  repair  in  the  neighborhood  of  the  "buttons." 
The  brain  was  perfectly  normal,  iminjured  about  the  point  at  which 
the  trephine  buttons  had  been  taken. 

Other  similar  experiments  were  performed  and  in  none  were  the 
habits  lost.  They  are  a  sufficient  evidence,  I  believe,  to  show  that 
the  loss  of  the  habits  when  the  frontals  are  excised  is  not  due  to  the 
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general  shock  effects  of  the  operation,  the  use  of  an  anesthetic,  the 
loss  of  blood,  or  even  injury  to  the  brain  itself.  Moreover,  in  these 
cases  the  animals  were  tested  on  the  day  succeeding  the  operation 
when  the  effects  of  shocks  were  greatest.  Even  under  these  adverse 
conditions  the  associations  were  always  retained.  In  one  monkey 
also  I  carried  the  operation  up  to  the  point  of  incising  the  brain  tissue 
in  a  manner  similar  to  that  described  in  the  preceding  case.  The 
result  with  this  animal  was  the  same  as  that  with  the  cat.  The  day 
following  the  operation  the  habit  was  perfectly  retained.  Later 
cases  will  also  be  cited  to  show  that  even  the  operations  on  the  frontal 
region  and  the  shock  effects  from  injury  to  the  brain  did  not  always 
bring  about  the  loss  of  the  associations.  It  is,  therefore,  proper  to 
conclude  that  an  operation  as  such  has  little  or  no  influence  upon 
the  retention  of  these  simple  habits. 

C.  The  Retention  of  Habits  after  Extirpation  of  Portions  of  the 
Cerdmim. — But  the  question  may  be  asked,  "May  not  the  loss  of 
the  cerebral  substance  produce  a  greater  nervous  shock  than  in  the 
cases  just  cited  and  may  this  not  then  explain  the  loss  of  the  associa- 
tions?" 

XII.  Cat  17.  Active  male,  about  six  months  old.  This  cat  was 
practiced  for  string  front  and  string  above  in  which  habits  were  per- 
fect. In  this  animal  a  portion  of  the  parietal  was  cut  away  from  the 
underlying  fibres,  in  extent  about  the  same  as  I  tried  to  cut  away 
in  the  frontal  region.  This  was  taken  in  an  area  between  that  which 
gave  a  motor  response  on  stimulation  and  the  occipital  region  which 
is  concerned  with  visual  processes.  For  an  hoiu*  after  the  operation 
the  animal  seemed  weak  and  for  the  remainder  of  the  day  was  rest- 
less. Three  days  after  the  operation  the  animal  was  tested  to  deter- 
mine its  retentiveness  and  it  escaped  from  string  front  in  an  average 


Fig.  XIII. — Diagram  of  brain  of  cat  17. 

time  of  7 V5  seconds,  while  before  the  operation  it  had  opened  the  door 
in  an  average  time  of  three  seconds.  With  the  string  above  on  the 
day  of  and  before  the  operation  it  escaped  in  an  average  time  of 
5^/5  seconds,  and  on  the  third  day  after  the  average  time  for  its  escape 
was  9V5  seconds.    About  seven  weeks  later  the  whole  of  the  right 
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frontal  was  excised.  Two  days  heSore  the  operation  it  had  escaped 
from  string  front  in  an  average  time  of  two  seconds.  Four  days 
after  the  operation  the  average  time  of  escape  from  this  box  was  18 
seconds  and  three  days  later  it  averaged  32  seconds. 

Xin.  Cat  23.  Female,  ten  months  old.  It  had  learned  string 
front  and  string  above.  Both  parietals  were  excised.  Both  associa- 
tions were  perfect  before  operation  and  three  days  subsequent  to  it. 


Fig.  XIV. — Diagram  of  brain  of  cat  23. 

There  were  no  motor  defects  and  nothing  of  special  interest  was  noted 
in  this  case.  The  animal  was  killed  on  the  fourth  day  and  the  lesions 
were  found  to  be  about  8  mm.  square. 

XIV.  Monkey  3.  Male,  pigtail  (macacus  nemestrinus),  about  a 
year  and  a  half  old.  This  animal  was  never  very  lively  and  had  a 
peculiar  waddling  gait.  His  head  and  shoulders  alwa3rs  seemed 
too  large  for  his  loins  and  legs.  The  other  animals  in  the  cage  with 
him  would  pull  his  short  tail  and  while  he  would  look  ferocious  he 


Fig.  XV.— Diagram  of  brain  of  pigtail  monkey  3. 


would  neither  attack  nor  bite  them.  He  was  the  bufiFoon  of  the  family. 
He  was  easy  to  handle  and  did  not  resent  the  presence  of  strangers 
or  other  monkeys  as  some  of  the  other  animals  did.  This  animal 
was  practiced  on  the  food  box  (55  trials)  at  which  time  he  was  able 
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to  turn  the  button  and  get  the  food  in  an  average  time  of  about  1.2 
seconds.  Both  frontals  were  separated  from  the  other  part  of  the 
brain  and  there  was  an  uneventful  recovery  after  the  operation.  The 
day  following  the  operation  he  was  quite  lively,  ate  a  pear  eagerly 
and  was  inclined  to  be  a  trifle  ugly,  which  was  utterly  xmlike  his  pre- 
vious behavior.  He  walked  up  and  down  his  cage,  turning  about, 
and  his  attention  was  not  attracted  very  easily.  This  activity  con- 
tinued for  the  following  day  and  the  wound  or  bandage  evidently 
irritated  him,  for  it  was  torn  off  at  night.  On  the  second  day  he 
was  put  into  the  cage,  went  to  the  food  box  inunediately, 
turned  the  button,  opened  the  door,  but  did  not  take  the  food  until 
his  attention  was  attracted  to  it  by  the  experimenter.  The  average 
time  in  this  experiment  was  3.4  seconds.  He  continued  to  do  the 
button  experiment  well  from  this  time  on.  He  became  less  active 
in  about  ten  days  after  the  operation  and  returned  to  his  normal  con- 
dition. At  no  time  was  there  any  lack  of  coordination  in  eating, 
walking,  standing,  or  climbing.  Vision  and  hearing  seemed  to  be 
perfect  and  there  was  no  change  in  the  skin  sensibility  that  I  could 
determine.  This  animal  caught  flies  after  the  operation  as  well  as 
before.  He  died  6^  months  after  the  operation.  Cause  of  death 
imknown,  possibly  pneumonia. 

The  brain  showed  the  lesion  at  the  base  of  the  upper  frontal  lobe 
just  below  the  antero-superior  turn  of  the  precentral  sulcus  extend- 
ing a  little  bit  beyond  and  encroaching  upon  the  precentral  convolu- 
tion. A  diagram  showing  the  left  side  of  the  brain  is  given  in  Figure 
XV.* 

XV.  Monkey  6.  Male,  macacque,  about  one  year  old.  This  ani- 
mal was  trained  for  15  days  over  a  period  of  34  days,  at  the  end  of 
which  time  he  obtained  food  from  the  jood  box  in  1.8  seconds  average. 
Both  frontals  were  cut.  There  was  little  hemorrhage  at  the  opera- 
tion and  the  animal  an  hour  after  being  taken  from  the  operating 
table  was  lively,  ate  a  banana  and  sugar.  The  following  morning 
it  was  quite  well  but  there  was  some  oedema  at  the  supraorbital 
depressions.  It  was  very  active,  although  it  did  not  have  the  un- 
ceasing and  aimless  activities  which  characterized  the  pigtail  just 
described.  Two  days  after  the  operation,  when  put  in  the  cage  of 
the  food  box  experiment,  there  was  practically  no  hesitation  about 
turning  the  button  and  opening  the  door,  although  the  time  taken 
for  this  was  much  longer  than  in  the  case  of  the  previous  animal.  It 
averaged  23  seconds.    Two  days  later  it  averaged   10.3  seconds. 

^  This  and  other  brains  were  given  to  Dr.  C.  B.  Farrar  to  be  examined 
more  carefully  and  reported  upon. 
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Later  again,  on  the  ninth  day,  it  averaged  7.8  seconds.  This  animal 
had  before  the  operation  learned  to  take  food  in  its  mouth  from  my 
hand  rather  than,  as  most  monke3rs,  to  take  it  first  in  their  own  hands. 
This  habit  was  also  retained  after  the  excision  of  the  frontals  but  in 
this  case  there  was  no  time  taken  either  before  or  after  the  operation. 
In  addition  I  had  also  taught  this  animal  another  trick  which  I  used 
for  getting  the  animal  into  the  food  cage.  I  had  a  box  prepared  on 
a  frame  which  fitted  the  large  cage  in  which  some  of  the  animals  were 
kept.  When  this  box  was  introduced  into  the  cage,  number  6  was 
usually  the  first  to  jump  into  the  box.  This  association  was  not 
retained  so  well,  although  in  this  case  I  did  not  take  the  time  for 
the  performance  of  the  act  either  before  or  after  operation.  After 
the  operation  the  macacque  would  not  get  into  this  box  and  he  had 
to  be  driven  in  as  he  had  at  the  beginning  of  the  experiments. 


Fig.  XVI. — ^Diagram  of  brain  of  monkey  6 — macacque. 


Both  cases  XTV  and  XV  show  a  slowing  of  the  time  for  the  per- 
formance of  the  appropriate  motor  response  in  the  case  of  the  food 
hoxy  and  the  macacque  in  addition  showed  the  retention  of  one  other 
habit  and  what  was  apparently  the  loss  of  a  third.  The  slowing  may 
be  due  to  some  disturbance  of  the  tracts  remotely  concerned  in  the 
habit.  This  animal  lived  15  months  after  the  operation  and  dur- 
ing this  period  releamed,  or,  in  the  case  of  the  food  box,  became  more 
proficient  in  the  habits  than  it  was  immediately  after  the  operation. 
The  animal  was  killed  and  on  autopsy  showed  that  the  lesion  on  the 
right  side  was  at  and  immediately  above  the  precentral  sulcus  cor- 
responding in  position  to  the  superior  frontal  in  man,  while  that  on 
the  left  side  was  somewhat  anterior  in  position  and  corresponded 
more  to  the  second  frontal. 
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XVI.  Monkey  11.  Male  rhesus  about  18  months  old.  This  ani- 
mal learned  food  box  and  was  practiced  on  18  da3rs  over  a  total  period 
of  43  da3rs.  The  animal  had  thoroughly  learned  the  habit  in  9  da3rs 
but  it  was  further  practiced  until  the  reaction  of  opening  the  button 
took  on  the  natiure  more  like  that  of  a  reflex.  So  soon  as  the  door 
of  the  box  was  closed  it  would  inmiediately  go  to  the  button  and  turn 
it  even  before  any  food  was  placed  in  the  box.  Both  frontals  were 
removed  and  the  attempt  was  made  to  make  the  cut  rather  far  back 
in  the  frontal  region  without  encroaching  upon  the  motor  zone. 

On  the  day  of  the  operation,  2^  hours  after  the  animal  was  taken 
from  the  table,  it  appeared  as  bright  and  alert  as  it  had  previously 
been  and  ate  sugar  quite  eagerly.  Two  hours  later  it  was  given  bread 
and  potato  which  it  handled  well.  It  drank  water,  putting  its  hands 
up  to  the  cup  without  any  indication  of  lack  of  coordination.  It 
was  let  out  in  the  room  the  following  day,  walked  about,  stood,  climbed 
on  the  cages,  and  ate,  all  of  these  being  performed  in  a  perfectly  nor- 
mal manner.  When  put  in  the  small  cage  by  itself  it  walked  up  and 
down  in  front  of  the  netting  and  was  more  active  than  it  had  pre- 
viously been.  In  the  food  box  cage  it  crawled  into  the  food  box, 
came  out  again,  and  repeated  this  a  number  of  times.  This  animal 
had  previously  showed  much  signs  of  fear  at  a  broom  or  a  stick  in 


Pig.  XVII. — Diagram  of  brain  of  monkey  ii,  rhesus. 


the  hands  of  those  who  approached  it  and  this  reaction  of  fear  per- 
sisted after  the  operation  and  seemingly  was  the  same  as  before. 
When  put  in  the  food  box  to  test  its  retentiveness  there  seemed  to  be 
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no  loss  of  the  association.    It  went  immediately  to  the  button,  turned 
it,  and  once  when  it  turned  this  aroimd  too  much  it  went  at  it  again 
immediately  and  turned  this  again  and  again  imtil  it  had  got  it  in 
the  right  position.    Even  with  this  difficult  attempt  the  average 
time  of  the  first  series  after  the  operation  was  the  same  as  that  of 
the  last  series  before  the  operation.    The  test  of  retentiveness  was 
made  two  days  after  the  operation.    Two  days  later  it  opened  the 
door  in  a  less  average  time  than  it  had  inmiediately  before  the  opera- 
tion and  after  an  interval  of  14  days,  in  which  no  tests  were  made, 
the  animal  still  retained  a  'perfect  memory'  of    this   association. 
The  activity  of  this  animal  gradually  decreased  and  in  about  ten  days 
it  was  perfectly  normal  so  far  as  could  be  determined.    Observers 
who  saw  the  animal  at  that  time  and  later  in  a  cage  with  other  monkeys 
could  notice  no  difference.    A  diagram  of  the  brain  is  given  in  Fig. 
XVII.    The  site  of  the  lesion  in  the  right  hemisphere  occupies  the  base 
of  the  upper  frontal  and  is  boimded  above  by  the  anterior  turn  of 
the  precentral  fissure,  below  by  the  inferior  frontal  fissure.    On  the 
left  side  the  lesion  was  a  little  higher  than  in  the  right  hemisphere. 
It  occupies  the  base  of  the  upper  frontal  and  crosses  the  upper  part 
of  the  precentral  sulcus,  encroaching  upon  the  superior  third  of  the 
precentral  convolution.    The  animal  had  lived  for  a  period  of  TJ 
months  following  the  operation. 

XVII.  Monkey  17.  Female  rhesus,  about  a  year  old  at  the  time 
the  experimentls  were  started.  This  animal  learned  the  food  box 
after  about  thirty  trials  so  that  it  opened  the  door  in  an  average 
time  of  2.2  seconds.  It  was  further  practiced  for  some  days  and 
at  the  end  of  25  days  no  further  trials  were  made  for  161  days.  At 
the  end  of  this  time  the  animal  showed  almost  perfect  retentiveness 
and  surety  in  its  movements  in  opening  the  door  of  the  box  to  get 
its  food.  This  animal  opened  the  door  just  before  this  long  interval 
in  an  average  time  for  the  last  two  days  of  3  seconds  and  after  the 
interval  the  average  time  for  six  days  was  2.6  seconds.  Other  in- 
ten'als  of  16,  10,  and  5  days  were  then  given  interspersed  between 
the  days  on  which  the  animal  was  trained.  At  the  end  of  this  time 
for  the  last  five  days  before  the  operation  the  average  time  for  open- 
ing the  box  was  1.6  seconds. 

Both  frontals  were  cut  away  from  the  remainder  of  the  cerebrum 
at  one  operation.  A  half  hour  afterwards  the  animal  made  move- 
ments of  intimidation,  that  is,  she  opened  her  mouth  and  projected 
her  head  forward  and  endeavored,  as  she  previously  had  done,  to  frighten 
the  spectators.  Two  hours  after  the  operation  the  efifect  of  the  anes- 
thetic (A.C.E.)  had  disappeared.  She  moved  about  well  and  on  the 
following  day  she  walked,  jumped  and  climbed  with  her  accustomed 
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ease.  She  ate  from  her  hand  and  took  a  cup  of  water  as  well  as  she  had 
previous  to  the  operation.  Two  da3rs  after  the  operation  she  seemed 
a  little  stupid  and  did  not  appear  to  have  as  much  fear  of  me  as  she 
usually  had  shown,  although  she  started  if  a  quick  movement  was 
made  towards  her.  Coordination  was  perfect.  She  picked  things 
up  with  her  hands  from  the  cage  and  small  particles  of  food  which 
were  there  were  seen  by  her  and  picked  up  in  the  fingers  and  carried 
to  her  mouth.  Some  ravelings  from  the  bandage  himg  down  about 
her  mouth  and  often  were  pushed  into  the  mouth  with  food.  She 
did  not  seem  disturbed  about  this  imtil  they  became  quite  numerous 
and  then  she  picked  them  out  of  her  mouth,  throwing  them  to  one 
side  and  then  repeating  the  operation  after  they  got  in  her  mouth  again 
with  other  food  which  she  placed  there. 

Snapping  of  the  fingers  and  whistling  attracted  her  attention. 
When  put  in  the  food  box  she  immediately  turned  to  the  door  and 
hit  the  button,  but  seemingly  at  random.  She  also,  like  number 
11,  crawled  in  and  out  of  the  food  box  from  the  larger  cage,  going  in 
and  out  a  number  of  times.  When  the  door  of  the  food  box  was  kept 
open  she  looked  into  the  box  a  number  of  times.  This  was  not  as  it 
had  been  before  the  operation.  In  five  trials  on  this  day  the  animal 
opened  the  box  in  an  average  time  of  1.8  seconds.  Later  experiments 
gave  a  similar  result  and  showed  that  the  sensory  motor  habit  had 
been  well  retained.  Figure  XVIII  shows  the  brain  lesions  in  the  case 
of  monkey  17.  The  cut  on  the  right  side  was  in  the  prefrontal  region 
anterior  to  the  precentral  fissure  about  the  second  frontal  convolu- 
tion. That  on  the  right  was  a  trifle  behind,  also  in  the  middle  frontal 
convolution. 

The  last  four  experiments  coupled  with  those  which  were  previously 
described  on  cats  indicate  clearly  that  the  loss  of  association  in  ani- 
mals consecutive  to  lesions  in  the  frontal  regions  is  not  due  to  the 
general  shock  effects  of  the  operation.  In  these  cases  the  frontals 
were  excised,  or  at  least  they  were  cut,  so  that  if  this  region  be  one 
in  which  the  shock  effect  is  more  readily  produced  we  should  expect 
the  last  four  animals  to  have  lost  associations. 

These  animals  that  have  given  results  unlike  those  which  were  found 
with  the  other  monkeys  and  with  cats  were  trained  over  a  longer 
period  than  most  of  the  animals  which  I  employed.  In  these  cases 
the  response  in  the  associations  took  on  the  character  of  the  reflex 
act  and  it  is  possible  that  the  association  of  the  sensory  and  motor 
impulses  did  not  take  place  through  the  intermediary  of  the  frontal 
lobes  or  of  any  part  of  the  cerebral  cortex  exclusively.  We  know 
that  in  man  habits  are  formed  by  the  activity  of  the  cortex,  but  when 
the  paths  for   these  habits  become  well   worn,   possibly,   perhaps 
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probably,  shorter  by-paths  are  established  in  lower  centers.  I  think 
that  in  these  four  monkeys,  Cases  XIV,  XV,  XVI,  and  XVII,  where 
the  association  had  become  more  like  a  reflex,  the  association  tracts 


Fig.  XVIII.— Diagram  of  brain  of  monkey  17,  rhesus. 


were  not  so  generally  used  and  that  lower  centers  were  more  con- 
cerned in  the  coordination  or  union  of  the  sensory  and  motor  ele- 
ments of  the  association.  Two  of  the  animals,  it  is  to  be  observed, 
give  a  slowing  in  the  time  for  the  performance  of  the  trick  and  it  is 
possible  that  in  these  animals,  which  were  not  so  well  trained  as  monk- 
eys 11  and  17,  the  lower  tracts  had  not  attained  then*  full  func- 
tional efliciency. 

A  crucial  experiment  which  would  determine  this  I  have  not  yet 
had  time  to  do.  This  experiment  will  be  performed  as  follows:  I 
shall  take  an  animal  in  which  one  of  the  associations  has  been  formed 
and  become  of  the  nat\u«  of  a  reflex  and  in  the  same  animal  in  a  period 
of  4  or  5  days  get  it  to  acquire  another  association.  The  operation 
in  such  a  case  would  show  whether  the  association  of  long  standing 
was  greatly  affected  or  more  affected  than  those  which  were  recently 
formed.  In  the  cats  whose  cases  I  have  described  above  it  was  noted 
that  long  standing  habits,  as  coming  to  a  call,  etc.,  were  not  lost, 
although  the  more  recently  formed  ones  in  the  huttorif  string  front 
and  string  above  were  lost.  The  two  ringtails,  VIII  and  IX,  had  not 
lost  the  habit  of  jumping  to  my  shoulder  although  the  other  associa- 
tions which  were  more  recently  formed  were  lost.  The  male  macacque 
(number  6,  case  XV),  which  showed  a  decided  retardation  in  the 
time  of  opening  the  food  box,  and  perhaps  also  loss  of  the  habit  for 
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the  capture  cage,  retained  perfectly  so  far  as  could  be  determined 
(no  time  was  taken  as  mentioned  above) ,  the  habit  of  taking  food 
in  its  mouth  from  my  hand  rather  than  taking  it  first  in  its  own  hand 
as  all  of  the  other  monkeys  did.  Other  monkeys,  notably  case  VTI, 
retained  the  association  of  getting  into  the  capture  cage,  although  the 
latter  monkey  did  not  retain  the  other  associations. 

The  facts  which  have  just  been  cited  regarding  the  retention  of 
older  associations  and  the  partial  or  complete  loss  of  the  newly  formed 
ones  are  indicative  that  the  retention  in  cases  XVI  and  XVII  is  most 
likely  due  to  the  fact  that  the  associations  in  these  cases  were  very 
well  established  and  had  been  practiced  over  comparatively  long 
intervals  of  time.  I  shall,  however,  at  a  later  time,  take  up  this  mat- 
ter in  more  detail. 

The  removal  of  one  frontal  does  not  always  occasion  the  loss  of 
habits.  The  following  case  illustrates  this  and  also  indicates  that 
the  destruction  of  two  areas  corresponding  in  size  to  the  frontals  does 
not  produce  loss  of  habits. 

XVIII.  Cat  35.  Male,  5  to  6  months  old.  This  cat  was  some- 
what sluggish  in  its  movements  and  the  time  of  escape  from  the  boxes 
was  much  longer  than  other  cats.  It  learned  string  front.  The 
right  frontal  and  the  left  occipital  lobes  were  then  excised.  The 
day  following  the  operation  there  was  no  efifect  noticeable.  So 
far  as  I  could  determine  there  was  no  defect  in  the  visual  fields  of 
the  animal.  The  animal  could  see  food  brought  in  from  any  quarter 
of  the  visual  field.  The  animal  was  quiet  and  in  the  motor  sphere 
the  same  after  this  operation  as  before.  There  was  a  quick  recovery 
and  on  the  day  following  the  operation  the  time  for  escape  from  the 
box  averaged  8  seconds  as  compared  with  5.4  seconds  on  the  day 
previous  to  the  operation.  A  month  later  the  left  frontal  was  ex- 
tirpated. Fifteen  minutes  after  the  operation  the  cat  walked  well 
but  seemed  dazed,  probably  from  the  ether.  It  seemed  intelligent 
and  bright  on  the  succeeding  days,  but  occasional  periods  of  apathy 
were  noted  which  had  not  characterized  the  animal  after  the  previous 
operation.  Three  days  after  the  extirpation  of  the  left  frontal  it 
was  tested  in  the  string  front  and  again  on  the  fourth  day,  but  both 
times  failed  to  open  the  box  in  the  two  minutes  which  were  allowed. 
Its  activity  in  the  cage  was  considerable,  although  its  movements 
were  normally  sluggish  and  its  appearance  in  string  front  was  very 
much  like  that  of  an  animal  that  had  not  been  placed  in  the  box  be- 
fore. It  did  not  direct  its  movements  against  the  door  or  the  bars 
and  it  paid  no  attention  to  the  cord  which  it  had  previously  attacked 
exclusively  after  its  training.  The  movements  at  first  were  the  ran- 
dom movements  of  a  cat  trying  to  escape  from  confinement.    Even- 
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tually  it  hit  upon  the  proper  movement  and  slowly  regained  the  habit 
(see  below,  case  XXII). 

D.  Formation  of  Aaaociationa  after  Removal  of  Both  Frontal  Lobes. — 
The  results  of  the  experiments  which  have  so  far  been  recorded  in- 
dicate that  the  frontal  lobes  are  concerned  in  the  production  and 
retention  of  simple  sensory-motor  habits  and  that  habits  which  are 
recently  learned  are  lost  after  the  removal  of  the  frontals.  This 
loss  cannot  be  accounted  for  on  the  basis  of  a  shock  effect,  nor  does 
it  seem  probable  that  it  can  be  accounted  for  on  the  basis  of  the  re- 
moval of  brain  substance  regardless  of  the  position  at  which  the 
extirpation  was  made.  Cat  23  (case  XIII)  shows  clearly  that  at 
any  rate  the  latter  statement  is  true  for  cats.  Moreover,  cat  35, 
in  which  the  right  frontal  and  the  left  occipital  were  excised,  retained 
the  habit  of  string  front  after  the  operation.  It  would  be  reasonable 
to  suppose,  if  the  frontals  are  concerned  in  the  production  of 
these  habits,  that  such  association  could  not  be  formed  after  the  re- 
moval of  these  portions  of  the  hemispheres.  Several  cases  of  cats 
and  some  of  monkeys  show,  however,  that  after  the  removal  of  the 
frontals  there  is  a  possibility  of  the  acquirement  of  habit  by  these 
animals. 

XIX.  Cat  6.  Very  active  female,  about  four  months  old.  This 
animal  was  operated  upon  before  any  habits  had  been  formed.  Both 
frontals  were  cut  away  from  the  rest  of  the  cerebrum  and  three  days 
later,  when  allowed  to  roam  around  the  room,  it  appeared  to  be  nor- 
mal. When  held  up  in  front  of  the  cage  of  mice  it  showed  well-marked 
emotional  reaction.    Two  weeks  after  the  operation  the  cat  was 


Fig.  XIX. — Diagram  of  brain  of  cat  6. 

placed  in  string  front  and  the  habit  of  opening  this  box  was  fully 
formed  after  25  experiments.  The  animal  was  tested  over  a  period 
of  eleven  days,  and  it  seemed  that  the  curve  of  learning  in  this  animal 
was  about  the  same  as  that  in  an  animal  before  the  removal  of  the 
frontals.  The  animal  was  killed  two  weeks  after  the  experiments 
began  and  an  examination  of  the  brain  showed  that  on  both  sides 
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the  lesion  was  posterior  to  the  crucial  sulcus  and  very  close  to  the 
motor  zone.  The  left  side  lesion  was  somewhat  more  posterior  than 
that  on  the  right.  From  the  time  of  the  operation  until  its  death 
no  motor  or  sensory  disturbances  were  found. 

XX.  Cat  7.  Active  female,  9  months  old.  No  associations  were 
formed  before  the  operation  of  removal  of  both  frontals.  After 
the  operation  the  cat  was  very  lively  during  the  succeeding  days  and 
showed  no  lack  of  general  intelligence,  and  nothing  unusual  was  noted 
in  the  animal's  behavior.  The  emotional  reaction,  when  held  before 
the  cage  of  mice,  was  not  very  great  before  the  operation  and  was 
about  the  same  after.  This  animal  learned  the  habit  of  hvUon  in 
three  days.  The  ammal  was  killed  three  weeks  later  and  the  brain 
showed  that  the  lesions  in  this  case  were  anterior  to  the  crucial  sul- 
cus, the  right  being  slightly  in  advance  of  that  on  the  left. 


Fig.  XX. — Diagram  of  brain  of  cat  7. 

It  has  already  been  noted  that  in  some  cases  the  animal  releamed 
habits  which  had  been  lost  as  the  result  of  an  operation.  In  one 
case  a  cat  had  lost  the  habit  of  string  front  after  the  operation  and 
this  habit  was  slowly  releamed.  In  another  animal,  cat  11,  the 
animal  had  learned  the  button  and  this  animal  lost  the  habit  following 
the  operation  on  both  frontals.  It  learned  it  again  and  a  second 
operation  somewhat  posterior  to  the  position  of  the  first  resulted 
in  the  loss  of  the  habit  which  it  had  releamed.  A  second  time  the 
animal  releamed  the  habit  and  at  that  time  the  releaming  evidently 
took  longer  than  either  the  first  learning  or  the  first  releaming. 

XXI.  Cat  11  (see  also  case  IV).  Female,  about  9  months  old. 
This  animal  had  learned  the  button.  After  the  first  operation  there 
was  a  loss  of  this  habit.  About  two  and  a  half  weeks  succeeding 
the  first  operation  the  animal  was  practiced  and  releamed  the  habit 
of  bvUon,  A  second  operation  was  then  performed,  and  the  cut  was 
made  posterior  to  the  one  made  at  the  first  operation.  For  ten  days 
succeeding   the   operation  there  was  no  evidence  (judging  by  the 
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lack  of  response  in  two  minutes)  of  the  persistence  of  the  association. 
Two  da3rs  after  the  operation,  when  placed  in  the  box,  the  cat  walked 
up  and  down,  then  looked  in  and  out  between  the  bars  but  made  no 
attempts  to  claw  at  the  button  or  to  get  out.  At  times  it  stopped 
in  its  walk  and  looked  steadily  at  some  other  cats  in  a  neajr-by  cage. 
It  did  not  go  passively  into  the  box  when  I  put  it  in  as  it  used  to  do, 
but  it  tried  to  prevent  this  by  scratching  when  I  attempted  to  put 
it  in.  Smell  was  present.  Movements  of  walking  were  fully  coor- 
dinated and  it  jumped  well  from  a  box  to  the  floor.  It  did  not, 
however,  stand  on  its  hind  legs  with  any  degree  of  stability  when  food 
was  held  up  before  it,  but  as  I  had  not  tested  this  previous  to  the 
operation  I  cannot  be  sure  that  this  was  due  to  the  operation.  It 
seemed  that  there  was  a  slight  anesthesia  of  the  forepaws.  There 
was  a  normal  response  when  held  in  front  of  a  cage  of  mice. 

When  fish  was  placed  outside  the  box  and  the  cat  inside,  the  animal 
did  not  attend  to  an3rthing  but  the  food.  There  was  no  attempt 
made  at  first  to  move  the  button  and  it  was  only  slowly  that  the  asso- 
ciation was  releamed.  Fig.  VII  gives  a  diagram  of  this  animal's 
brain  and  it  is  noticed  that  the  lesions  were  posterior  to  the  supra- 
orbital fissure.  In  the  diagram  no  distinction  is  made  between 
those  of  the  first  operation  and  those  of  the  second.  In  this  case 
the  part  extirpated  is  well  within  the  prefrontal  area. 

XXII.  Cat  35.  This  animal  also  learned  the  habit  which  had 
previously  been  lost  after  the  removal  of  both  frontals.  The  first 
operation  in  this  animal  as  described  above  (case  XVIII)  was  the 
destruction  of  the  right  frontal  and  left  occipital  lobes.    The  animal 


Fig.  XXI. — Diagram  of  brain  of  cat  35.     This  shows  by  cross-hatching  a  cer- 
tain amount  of  cerebral  hernia  resulting  from  the  two  operations. 

had  previously  learned  string  front  and  after  the  operation  it  opened 
the  door  of  this  box  in  an  average  time  of  8  seconds  as  compared  with 
5.4  seconds  previously.  Four  days  after  the  operation  the  average 
time  for  opening  the  box  was  3.8  seconds.  The  animal  was  then 
practiced  on  the  habit  and  a  month  after  the  first  operation  the  left 
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frontal  was  excised.  There  was  failure  to  open  the  door  after  the 
second  operation  and  the  animal  only  slowly  releamed  the  secret 
of  the  string  front.  The  first  day  after  the  second  operation  in  which 
it  began  to  releam  the  association  the  average  time  for  opening  the 
box  was  163  seconds  and  it  took  the  animal  35  experiments  before  it 
could  open  the  box  in  as  short  a  time  as  it  had  done  previous  to  the 
operation. 

XXIII.  Female  rhesus  22.  This  animal  had  lost  its  habits  after 
the  removal  of  both  frontals  but  regained  them  during  52  da3r8  suc- 
ceeding this  operation.  In  this  case  the  animal  seemed  to  take  about 
the  same  length  of  time  as  it  had  taken  during  the  first  period  of 
education  on  the  food  box  and  there  was  nothing  striking  in  the  re- 
sults other  than  that  which  has  already  been  described  in  the  case  of 
the  cats.  This  animal  died  as  the  result  of  a  second  operation  be- 
fore its  memory  could  be  tested  (see  case  VII).  A  similar  result  was 
obtained  with  monkey  2  (case  X.). 

These  results  (cases  XIX,  XX,  XXI,  XXII,  and  XXIII)  are  of 
considerable  interest  in  that  they  show  that  while  the  frontal  lobes 
are  normally  concerned  in  the  production  and  retention  of  simple 
sensory  motor  habits,  there  is  a  possibility  of  acquiring  new  associa- 
tions after  the  removal  of  parts  of  the  frontals.  We  know  that  in  man 
following  the  destruction  of  the  frontal  regions,  which  to  him  are  prob- 
ably of  more  value  and  of  greater  importance  because  of  their  greater 
development,  the  efifects  are  not  very  marked  unless  the  destruction 
has  been  sudden  and  the  other  portions  of  the  brain  have  not  ad- 
justed themselves  to  the  loss  of  these  association  areas.  That  one 
frontal  may  be  sufficient  and  may  be  removed  without  any  marked 
intellectual  change  is  noticed  from  the  results  which  have  been  col- 
lected by  Schuster,  Miiller,  Welt,  and  Phelps.  We  also  know  that 
if  the  third  frontal  convolution  on  the  left  side  is  injured  or  destroyed 
it  is  possible  for  the  right  third  frontal  to  take  up  the  functions  which 
are  normally  assumed  by  that  portion  of  the  left  hemisphere.  It 
seems  probable  to  me,  therefore.  Ay  that  in  the  cases  which  have 
just  been  described  the  loss  of  the  associations  after  the  first  opera- 
tion was  due  to  the  destruction  or  to  the  severing  of  the  connection 
of  the  brain  parts  which  were  intimately  concerned  in  the  associa- 
tion but  B,  that  other  portions  of  the  brain  could  take  up  the  function 
and  C,  that  the  region  of  the  frontals  which  had  not  been  disturbed 
took  up  the  function  of  the  association  of  the  motor  and  sensory 
elements  in  the  new  formation  of  the  habits.  In  the  animals 
in  which  the  second  operation  was  successfully  performed  it  resulted 
in  a  loss  of  the  habit  which  had  been  re-formed  and  this  indicates 
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that  the  frontal  lobes  probably,  at  their  posterior  limit  had  taken 
up  the  associative  function  in  these  cats. 

E.  Emotional  Condition  of  Animals  from  which  the  Frontal  Lobes 
Have  Been  Removed. — ^In  the  preceding  account  of  the  behavior  of 
animals  before  and  after  the  operations  I  have  noted  that  the  emo- 
tional reactions  were  the  same  after  as  before  the  removal  of  the  frontal 
lobes.  All  the  cats  that  showed  emotional  reflexes  when  held  in  front 
of  the  cage  of  mice  before  the  operation  were  similarly  affected  after 
it.  After  the  removal  of  the  frontals  several  cats  showed  evidences 
of  displeasure  when  handled  roughly  and  there  was  indication  of 
'  feeling '  when  unusual  noises  were  made.  All  the  cats  were  as  friendly 
as  before,  with  the  possible  exception  of  one  animal.  A  few  that 
tried  repeatedly  to  escape  from  me  before  the  operation  kept  close 
to  me  afterward  and  we  might  say  that  they  were  more  friendly. 
Whenever  I  was  among  them  after  the  operation  the  fl.ninnfl.lfli  were 
continually  brushing  against  my  legs  and  purring  as  good-natured 
cats  do,  and  that  was  more  marked  after  the  operation. 

Among  the  monkeys  there  was  no  marked  difference  in  the  emo- 
tional response.  Some  of  the  monkeys  showed  signs  of  displeasure 
when  one  approached  too  near  the  cage  in  which  they  were  kept  and 
these  animals  continued  to  be  unfriendly  after  the  operation.  On 
the  other  hand,  only  one  animal  seemed  more  afraid  after  than  before. 

So  far  as  these  observations  may  be  stated  in  general  terms,  I  should 
say  that  the  emotions  remain  practically  the  same  after  as  before  the 
operation  but  that  any  change  present,  particularly  in  cats,  was  a 
change  to  a  greater  friendliness.  These  experiments  do  not  help 
toward  the  solution  of  any  problem  of  the  emotions  so  far  as  I  can 
see.  They  indicate  only  that  the  emotional  reactions  were  present 
or  lacking  in  these  individual  cases.  Here  we  cannot  differentiate 
between  the  emotion  proper  and  the  emotional  reaction,  and  it  is 
consequently  difficult  and,  in  fact,  impossible  to  say  that  the  emotions 
were  unchanged.  All  we  are  justified  in  concluding  is  that  the  re- 
action remained  the  same;  the  emotion  may  or  may  not  have  been 
different. 

F.  NtUrition  of  Animals  from  which  the  Frontal  Lobes  Have  Been 
Removed. — ^Most  of  the  cats  which  I  used  died  of  distemper.  Two 
had  been  affected  with  mange  some  time  before  death  and  in  none 
of  the  cats  did  treatment  for  these  diseases  seem  to  be  efficacious. 
Of  the  cats  at  post-mortem  all  but  one  were  found  to  be  greatly 
emaciated,  although,  in  general,  the  appetite  for  food  was  imusually 
good.  The  feces  seemed  normal  but  no  special  test  of  this  or  of  the 
urine  was  made  and  I  have  no  data  beyond  these  general  observa- 
tions to  indicate  any  special  metabolic  disorder.    The  monkeys  did 
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not  show  any  great  change  in  appetite  or  in  nutrition  and  in  these 
cases  also  I  have  not  had  the  excretions  examined.  The  results  ob- 
tained with  cats  would  lead  us  to  believe  that  the  frontal  lobes 
may  be  concerned  somehow  with  the  processes  of  metabolism  and  this 
would  agree  with  the  findings  of  Langelaan  and  Beyerman  on  the 
respiratory  fimction,  which  have  previously  been  discussed.  My 
results  with  monkeys  would  agree  with  the  experiments  of  Ferrier 
with  monke3rs  and  they  disagree  with  those  of  cat  experiments  which 
have  been  performed  by  me  and  which  have  been  confirmed  by  Lan- 
gelaan.^ Ferrier  found  that  in  monkeys  there  were  greater  changes 
in  the  nutrition  of  the  body  after  the  lesions  of  the  occipital  lobes 
and  that  there  were  little  or  no  changes  after  the  extirpation  of  the 
frontals. 

^  Private  communication. 


V.    SUMMARY  AND  CONCLUSIONS 

A.  In  monkeys  and  cats  the  frontal  lobes  are  normally  employed 
in  the  formation  of  simple  associations. 

B.  When  the  frontsJ  lobes  are  destroyed  recently  formed  habits  '^ 
are  lost.    This  result  was  foimd  in  cases  I,  II,  III,  IV,  V,  VT,  VII, 

vin,  IX,  X  and  xvni. 

C.  The  loss  of  the  associations  is  not  brought  about  by  lesions  of 
other  portions  of  the  brain,  XI,  XII,  XIII,  and  XVIII. 

D.  The  loss  of  the  associations  is  not  due  to  shock,  for  lesions  of 
other  parts  of  the  brain  are  not  followed  by  loss  of  habit  nor  does  the 
anesthetic  and  loss  of  blood,  etc.,  produce  loss  of  associations,  XI. 

E.  Unilateral  lesions  of  the  frontal  areas  are  not  followed  by  a 
loss,  but  there  may  be  a  slowing  or  retardation  of  the  motor  response, 
XVIII. 

F.  Habits  once  lost  after  removal  of  the  frontals  may  be  releamed. 
The  releaming  takes  about  as  long  a  time  as  if  the  animal  were  learn- 
ing a  new  association,  X,  XIX,  XX,  XXI,  XXII  and  XXIII. 

H.  Only  newly  formed  habits  seemed  to  be  lost  after  such  lesions. 
Long-standing  habits  seemed  to  be  retained.    I,  IV,  VTII,  and  IX. 

I.  The  emotional  condition  of  the  animal  remains  the  same  after 
as  before  the  removal  of  the  frontals. 

J.  Emaciation  and  liability  to  disease  were  noted  in  all  cats  from 
which  the  frontals  were  extirpated,  but  in  the  monkeys  this  was  not 
at  all  marked,  some  animals  remaining  alive  for  long  periods  and  some 
of  them  having  to  be  killed  for  the  purpose  of  autopsies. 

The  experiments  which  have  been  described  and  the  results  which 
have  been  obtained  have,  I  think,  value  other  than  that  of  indicating 
the  functions  of  parts  of  the  association  areas  in  animals.  They  in- 
dicate that  for  the  determination  of  the  disturbances  coincident 
with  lesions  in  the  association  areas  better  methods  of  diagnosis 
and  experiment  are  needed.  The  experiments  show  not  only  that 
there  are  changes  coincident  with  lesions  or  disturbances  of  the  fron- 
tal lobes  but  that  the  associational  loss  is  one  that  could  not  be  de- 
termined by  simple  observational  methods.  The  results  suggest, 
furthermore,  that  for  the  determination  of  functional  changes  in  man 
consecutive  to  and  resulting  from  injuries  to  the  associational  areas 
accurate  physiological  and  psychological  methods  should  be  em- 
ployed. Clinicians  have  developed  the  methods  for  the  determina- 
tion of  the  changes  in  speech  ability  that  occur  when  the  left  third 
frontal  convolution  is  injured  or  when  the  temporal  lobes  are  affected. 
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These  methods  give  accurate  mformation  regarding  the  presence  or 
absence  in  an  individual  of  the  faculty  of  speech.  For  the  other 
associational  areas  accurate  methods  have  not  been  employed  by 
the  clinicians  nor  have  the  physiologists  been  able  to  advance  our 
knowledge  of  the  fimctions  of  these  portions  of  the  cerebrum. 

Both  the  clinical  and  the  ph3rsiological  evidence  points  to  a  de- 
pendence of  certain  mental  processes  on  the  integrity  of  the  frontal 
lobes  and,  in  fact,  on  the  integrity  of  the  brain  as  a  whole.  From  a 
general  consideration'  of  the  collected  cases  and  the  results  of  the 
physiological  experiments  I  am  inclined  to  think  that  the  frontal 
or  prefrontal  areas  are  of  great  value  in  our  mental  life.  I  am  not 
ready  to  accept  the  hypothesis  of  'attention'  or  'inhibition' 
as  accounting  for  all  the  facts  which  have  been  gathered  relative 
to  the  frontal  areas.  There  is  at  the  present  time  great  need  for  more 
careful  psychological  examination  and  experiment  in  the  hospitals 
where  aJone  patients  with  injuries  to  the  brain  are  to  be  seen. 
We  are  all  interested  in  the  functions  of  the  brains  of  animals  largely 
because  of  their  value  in  determining  or  indicating  the  functions  in 
man,  and  the  strength  of  the  clinical  work  is  that  the  observations  are 
made  on  man.  On  the  other  hand,  the  weakness  of  the  clinical  work 
is  that  too  much  is  claimed  without  adequate  analysis  of  the  mental 
conditions  of  the  patients.  Much  more  and  much  better  informa- 
tion could  be  gathered  if  the  patients  were  tested  along  lines  which 
are  followed  in  the  psychological  laboratories  of  universities  or  of  in- 
sane hospitals. 

From  the  clinical  and  experimental  results  of  others  as  well  as 
those  which  have  been  recorded  in  the  present  paper  I  conclude  that 
the  frontal  lobes  are  concerned  in  normal  and  daily  associational 
processes  and  that  through  them  we  are  enabled  to  form  habits  and, 
in  general,  to  learn. 
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EMPIRICAL  STUDIES  IN  THE  THEORY  OF 
MEASUREMENT 

In  the  present  condition  of  psychology,  sociology  and  education, 
convenience,  economy  and  directness  are  as  important  desiderata  in 
methods  of  measurement  as  refinement  with  respect  to  precision. 
The  results  of  these  studies  justify  certain  methods  which  have  the 
decided  advantage  of  giving  measures  which  are  direct  functions  of 
the  data,  independent  of  any  hypothesis  about  the  prevalence  of  the 
so-called  'normal'  distribution,  but  which  have  been  somewhat  dis- 
countenanced or  at  least  neglected  in  both  the  theory  and  the  prac- 
tice of  statistics. 

The  section  on  correlation  attempts  also  to  make  clear  just  what 
is  measured  by  a  coefficient  of  correlation  and  what  the  dangers  are 
in  the  application  of  correlation  formulas  without  constant  super- 
vision by  an  adequate  sense  for  the  concrete  individual  facts  to  be 
related. 

Measurements  op  Type  and  VARiABnjrr 

§  1.    The  Comparative  Accuracy  of  the  Average  and  the  Median 

The  median  as  a  measure  of  the  central  tendency  of  a  series  of 
measures  has  the  advantages  of  greater  quickness  of  calculation, 
freedom  from  the  influence  of  erroneous  measurements,  ease  of  in- 
terpretation and  often  greater  practical  significance.  It  is,  there- 
fore, important  to  know  whether  the  accuracy,  with  which  the 
median  actually  obtained  from  a  small  sampling  of  a  series  conforms 
to  the  true  median  of  the  total  series,  is  much  less  than  the  similar 
accuracy  in  the  case  of  the  more  commonly  used  measure,  the  average. 

It  is  possible  with  any  given  form  of  distribution  to  calculate  on 
the  basis  of  the  theory  of  probability  the  accuracy  in  either  case. 
Trusting  that  some  one  will  soon  do  this  for  typical  forms  of  dis- 
tribittion  other  than  the  so-called  'normal'  I  have  chosen  to  get 
empirical  data  on  the  same  question  from  actual  experiments  with 
random  samplings  from  certain  large  series  of  measures. 

The  median  was  calculated  for  each  sampling  by  regarding  the 
total  series  as  measures  of  a  continuous  variable,  quantity  61,  for 
instance,  equalling  from  60.0  up  to  62.0,  quantity  63  equalling  from 
62.0  up  to  64.0,  etc.  Where  the  median  fell  within  a  unit  of  the 
scale,  as  of  course  it  usually  did,  the  fractional  part  was  taken 
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which  would  be  correct,  supposing  the  cases  within  that  unit  of  the 
scale  to  be  equally  frequent  in  all  equal  subdivisions  of  that  unit 
of  scale. 

The  series  used  were  the  four  presented  in  Table  I.  A  is  an 
almost  perfect  representative  of  the  so-called  *  normal'  surface  of 
frequency,  limited  at  about  +  3.2<'  and  —  3.2<'.  B  is  also  a  sym- 
metrical distribution  following,  but  not  so  closely,  the  so-called  'nor- 
mal' type.  C  is  a  skewed  distribution  of  the  kind  so  frequently 
found  in  mental  and  social  measurements.  D  is  a  flattened  and 
rather  sharply  cut-off  type  of  distribution,  such  as  occurs  often  in 
facts  subject  to  conventional  regulation.  The  number  of  cases  was 
for  A  1,000,  for  B  1,307,  for  C  1,250  and  for  D  600.  The  mechan- 
ical arrangement  of  each  series  was  simply  so  many  small  cards  or 
slips  of  paper  each  with  a  nimiber  written  on  it.  In  each  series 
these  cards  were  approximately  of  the  same  size,  shape  and  weight. 
From  such  a  series,  properly  shuflBed  in  a  large  bowl,  drawings  were 
made. 

The  total  number  of  cases  in  any  series  is  of  course  of  no  signifi- 
cance. Whether  a  series  contains  1,000,  1,100,  1,426,  13,982  or 
160,000  cases  makes  no  appreciable  difference  to  any  of  the  matters 
to  be  investigated  here,  and  in  the  case  of  a  distribution  of  the  type 
of  D,  drawings  of  100  from  6,000  cases  would  not  differ  appre- 
ciably from  drawings  from  600.  The  reason  for  the  particular 
sizes  of  the  total  series  was  economy  of  time. 

It  is  most  convenient  to  arrange  series  for  such  experiments 
with  measures  +  and  —  from  the  central  tendency,  as  in  B  and  D ; 
the  time  of  recording  the  results  of  draws  is  lessened  and  also  the 
likelihood  of  errors.  Thus  in  A  —31,  —37,  —35,  etc.,  would 
be  better  than  61,  63,  65,  etc.  I  give  the  series,  however,  in  just 
the  way  they  were  made  and  used. 

Every  drawing  of  10  or  50  or  55  or  whatever  number  of  cases 
was  made  from  the  full  series.  However,  a  draw  of  10  having  been 
made  and  recorded,  a  draw  of  50  was  obtained  by  adding  40  to  the 
10  and  one  of  100  by  adding  50  to  the  50.  The  100  is  thus  from 
the  full  series,  but  is  obtained  with  a  saving  of  time. 

As  a  rule  drawings  of  10  or  11,  50  or  55,  100  or  110  and  275 
were  made,  but,  with  the  larger  drawings,  if  not  exactly  50  or  100 
were  drawn,  the  drawing  was  still  utilized.  Of  course  exact  sim- 
ilarity in  the  size  of  the  drawings  is  of  no  consequence  whatever  to 
any  of  the  conclusions  drawn. 
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TABLE 

I. 

QUAIl- 

titj 
61 

A 

Fre- 
qucncy 

1 

Quad- 
tity 

B 

Fre- 
quency 

Quan- 
Uiy 

1 

C 

Fre- 

quency 

30 

Quan- 
tity 

—  1 

D 

Fre- 
quency 

20 

3 

1 

5 

1 

2 

80 

—  5 

80 

7 

2 

9 

3 

3 

140 

—  3 

100 

71 

5 

3 

6 

—  27 

1 

4 

175 

—  1 

100 

5 

9 

—  25 

7 

12 

—  23 

2 

5 

200 

+  1 

110 

9 

15 

—  21 

2 

81 

20 

—  19 

8 

6 

160 

+  3 

90 

3 

26 

—  17 

10 

5 

31 

—  15 

26 

7 

120 

+  6 

70 

7 

37 

—  13 

28 

9 

43 

—  11 

58 

8 

95 

+  7 

30 

91 

50 

—  9 

62 

3 

54 

—  7 

98 

9 

80 

5 

59 

—  5 

102 

7 

62 

—  3 

128 

10 

60 

9 

63 

—  1 

129 

101 

63 

+  1 

132 

11 

45 

3 

62 

+  3 

125 

5 

59 

-f  6 

102 

12 

35 

7 

54 

-f  7 

98 

9 

50 

-f  9 

64 

13 

20 

111 

43 

-f  11 

56 

3 

37 

+  13 

28 

14 

10 

5 

31 

4-15 

26 

7 

26 

+  17 

11 

9 

20 

+  19 

7 

121 

15 

+  21 

2 

3 

12 

+  23 

1 

5 

9 

+  25 

1 

7 

6 

+  27 

9 

5 

131 

3 

3 

2 

5 

1 

7 

1 

9 

1 

Av. 

100 

0 

6.0 

.0 

Med. 

100 

0 

5.5 

.0 

AJ). 

10.0 

6.2 

2.3 

3.13 

ff 

12.4 

7.8 

2.9 

3.68 

Q 

8.4 

5.4 

2.0 

2.94 

A.D.  =  the  average  deviation  from  the  average. 
a       =the  mean  square  deviation  from  the  average. 

Q.     =one  half  the  difference  between  the  25  percentile  and  75  percentile 
measures. 
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The  results  of  these  drawings  are  summarized  in  Table  II.  In 
Table  II.,  Nt  =  the  number  of  sets  drawn;  i\^c  =  the  number  of 
eases  in  each  set;  Av.  =  the  average  divergence  of  the  obtained^ 
from  the  true^  average;  Med.  =  the  average  divergence  of  the  ob- 
tained from  the  true  median;  A.D.  =  the  average  divergence  of 
the  obtained  from  the  true  average  deviation;  cr=the  average 
divergence  of  the  obtained  from  the  true  mean  square  deviation; 
Q.  =  the  average  divergence  of  the  obtained  from  the  true  (75  per- 
centile—25  percentile  )/2. 

The  figures  for  the  last  three  divergences  under  'Actual'  are  the 
direct  results;  the  figures  under  'Percentile'  are  these  divergences 
in  percents  of  the  true  fact. 

The  table  shows  that  there  is  not  enough  superiority  in  accuracy 
in  any  case  to  outweigh  the  practical  advantages  which  the  median 
has  as  a  measure  of  such  quantities  as  prevail  in  the  mental  sciences.* 
The  divergences  of  the  medians  are  on  the  whole  only  about  22  per 
cent,  greater  than  those  of  the  averages. 

TABLE    II. 

DlYEROENCE  OF  OBTAINED  FROM   TEUE 


Series 

Nt 

Nc. 

At. 

Med. 

Actual 
A.D.        IT 

Q. 

Pbrckntiub 
A.D.         9         Q. 

A 

3 

102 

.47 

.33 

.33 

.53 

.77 

.33 

.43 

.92 

4 

63 

.92 

1.07 

.78 

1.08 

.80 

.78 

.87 

.96 

10 

10 

3.04 

3.60 

1.13 

1.59 

1.22 

1.13 

1.28 

1.46 

debies 
B 

3 

100 

.57 

.47 

.27 

.37 

.13 

.44 

.47 

.24 

4 

50 

1.25 

1.15 

.88 

.65 

1.05 

1.42 

.83 

1.94 

5 

10 

1.80 

2.14 

1.28 

1.50 

.70 

2.06 

1.92 

1.30 

Series 

C 

2 

275 

.045 

.055 

.05 

.075 

.055 

.22 

.26 

.28 

3 

110 

.11 

.17 

.04 

.04 

.21 

.17 

.14 

1.05 

5 

55 

.33 

.43 

.18 

.18 

.22 

.78 

.62 

1.10 

25 

11 

.62 

.77 

Series 

D 

7 

100 

.33 

.53 

.097 

.081 

.14 

.31 

.22 

.48 

6 

50 

.34 

.59 

.19 

.16 

.21 

.61 

.44 

.71 

16 

10 

.86 

1.04 

^Obtained,  that  is^  from  the  limited  number  of  eases  in  the  drawing  in 
question. 

*  *  True '  meaning  here  that  obtainable  if  all  the  measures  of  the  total 
series  are  taken. 

'The  general  merits  of  the  median  are  not  discussed  in  this  report;  so 
also  in  the  ease  of  the  general  merits  of  the  average  deviation  and  of  per- 
centile measures  of  variability.  To  thoughtful  students  of  mental  measure- 
ments they  will  be  obvious.  The  matter  is  briefly  discussed  in  my  'Mental 
and  Social  Measurements'  ('04)  pp.  37  ff.  and  passim. 
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§2.     The  Comparative  Accuracy  of  the  Mean  Square  Deviation 

{called  by  various  authors  cr,  ft,  c,  8.D,,  or  Standard 

Deviation)  and  the  Average  Deviation 

The  most  burdensome  of  the  ordinary  statistical  operations  is 
the  calculation  of  the  square  root  of  the  average  of  the  squares  of 
the  deviations  of  a  series  of  measures  from  their  central  tendency, 
that  is,  of  the  mean  square  deviation.  In  the  case  of  the  author, 
at  least,  practical  judgment  has  long  rebelled  against  the  imposi- 
tion of  this  measure  upon  workers  with  mental  measurements  by 
the  experts  in  the  theory  of  measurement  of  variable  facts.  To  call 
it  the  standard  deviation  has  seemed  to  him  objectionable.  There 
is  apparently  no  reason  whatever  for  its  use  except  its  supposedly 
greater  accuracy.  Perhaps  because  of  lack  of  knowledge  of  the 
purely  mathematical  side  of  statistics,  I  am  not  aware  that  this 
greater  amount  of  accuracy  has  been  calculated  from  theory  in  the 
case  of  typical  forms  of  distribution  other  than  the  so-called  'nor- 
mal.' At  all  events  it  will  be  useful  to  the  non-mathematical  stu- 
dent to  learn  the  facts  in  the  case  of  empirical  samplings  from 
known  series. 

The  series  were  A,  B,  C  and  D  of  Table  I.  The  facts  concern- 
ing the  divergences  from  the  true  average  deviation  of  the  total  series 
of  average  deviations  obtained  from  random  samplings,  and  similarly 
for  mean  square  deviations,  are  given  in  Table  II. 

The  average  deviation  and  the  mean  square  deviation  were  cal- 
culated from  an  approximate  average  never  over  a  half  of  the  unit 
of  the  scale  from  the  actual  average  and  as  a  rule  from  an  approxi- 
mate average  less  than  a  fourth  of  the  unit  of  the  scale  from  the 
actual  average.  The  Q.  was  calculated  on  the  basis  of  the  same 
suppositions  as  the  median. 

So  far  as  these  samplings  go,  the  average  deviation  is  nearly  as 
accurate  as  the  mean  square  deviation.  The  latter  is  on  the  whole 
5  per  cent,  more  accurate,  with  about  one  chance  in  eighteen  that  an 
infinite  number  of  drawings  from  these  series  would  raise  this  su- 
periority to  15  per  cent.  There  surely  can  not  be  enough  superiority 
of  the  latter  to  recommend  its  use  in  even  10  per  cent,  of  the  opera- 
tions involved  in  present  researches  in  psychology,  sociology  or  edu- 
cation. Indeed  it  is  a  question  whether  the  mathematical  statis- 
ticians ought  not  to  recognize  the  average  deviation  as  approximately 
equal  in  accuracy  and  vastly  superior  in  practical  serviceableness, 
and  hence  as  the  measure  to  be  recommended  to  students. 

There  is  something  to  be  said  in  favor  of  a  still  simpler  measure 
of  variability,  the  percentile.  Galton's  quartile  (Q.),  for  instance 
(one  half  the  distance  between  the  25th  percentile  and  the  75th 
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percentile),  is  for  a  sampling  of  100  or  more  of  a  series  scored  on  a 
reasonably  fine  scale  nearly  as  accurate  as  the  measures  that  take 
account  of  the  amount  of  every  deviation.  The  facts  for  my  series 
are  given  in  Table  II.  In  general  the  arguments  that  support  the 
median  as  a  measure  of  central  tendency,  support  also  the  Quartile 
as  a  measure  of  variability  in  the  case  of  large  samplings  from  finely 
scaled  series  (say  of  100  or  more  cases  of  a  series  with  20  or  more 
steps).  In  the  case  of  smaller  samplings  the  calculation  of  Q.  is 
often  as  long  as  that  of  the  A.D. 

If  the  report  of  an  investigation  gives  somewhere  the  entire  dis- 
tributions the  author  may  properly  compute  only  the  medians  and 
Q.'s.  If  the  average  is  used  as  the  measure  of  central  tendency  the 
Q.  is  of  course  not  very  advantageous,  since  an  approximate  A.D. 
will  have  been  calculated  in  getting  the  average. 

Table  III.  gives  the  results  of  the  individual  sets  drawn.  It  is 
not  necessary  to  examine  it  to  follow  the  discussion  past  or  to  come, 
but  I  insert  it  for  the  sake  of  any  student  who  may  wish  to  make 
calculations  from  its  facts  other  than  those  which  I  have  made  in 
Table  II. 

TABLE    III. 


Sebies 

A 

I 

Sebies 

B 

N.        At. 

M. 

A.D. 

9 

Q. 

N.          At. 

M. 

A.D. 

9 

Q. 

101     100.2 

99.8 

10.0 

12.0 

9.3 

101     —    .5 

—  1.0 

6.6 

8.3 

5.2 

105     101.2 

100.1 

10.6 

13.0 

8.9 

100     4-1.0 

+    A 

6.3 

7.7 

5.6 

101     100.0 

99.3 

10.4 

13.0 

9.3 

100     4-    .2 

0.0 

5.9 

7.3 

5.4 

Sum  of 

Sum  of 

Dev.         1.4 

1.0 

1.0 

1.6 

».3 

Dev.           1.7 

1.4 

.8 

1.1 

.4 

52       90.1 

98.8 

11.3 

14.9 

8.6 

50    —   .3 

+    .3 

6.0 

7.6 

5.3 

54     100.9 

101.6 

9.3 

12.0 

6.1 

51     —2.4 

—  2.5 

7.9 

9.7 

6.6 

54      98.6 

99.0 

9.1 

11.2 

7.9 

50     +1.7 

+  1.6 

6.7 

7.4 

4.1 

51     100.5 

99.5 

10.2 

12.6 

8.6 

50     -f    .6 

+    .2 

5.1 

6.7 

3.8 

Sum  of 

Sum  of 

Dev.         3.7 

4.3 

3.1 

4.3 

8.» 

Dev.           5.0 

4.6 

8.5 

2.6 

4.8 

10       95.0       94.0  10.5  11.4  9.8             10    —   .8     +1.0    5.0    5.7     4.3 

10      96.2       95.0  7.6  9.7  6.0.            10     +    .6     +    .7     4.4    5.7     4.3 

10     106.6     108.0  10.0  12.1  10.0             10    —3.2    —2.0     6.2     8.3     4.8 

10      94.6      96.0  7.6  9.0  8.0            10     +1.6     +5.0    8.8  11.1     6.0 

10     102.4      99.0  13.0  17.3  8.2            10    —2.8    —2.0     7.0    8.3     5.5 

10      09.6    104.0  10.4  11.4  10.3      Sum  of 

1A    lOU      09.0  10.6  11.9  9.3       Dev.          9.0       10.7    6.4    7.5    3.5 

"■OLD  10.6  12.4  8.3 

U>  10.8  12.7  9.3 

0  9.4  14.2  6.0 

14  IM  IM 
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TABLE   III.   (continued) 
Sebiss   C 
Divergence  in  25  aets  of  11  cases 


At.  Obt-AT. 

True.        M. 

Obt-M.  True 

In  5  sets  of  55  cases 

z 

1.0 

.8 

z 

1.Z 

.8 

At. 
Obt.- 

M. 

Obt- 

A.O. 
Obt.- 

0" 

Obt.- 

Obt- 

„_ 

.6 

__ 

.5 

Tr. 

Tr. 

Tr. 

Tr. 

Tr. 

_ 

.6 



.5 

—  .20 

— 

.23 

.06 

.12 

.10 

_ 

.5 

— 

.4 

+  .09 

+ 

.21 

.12 

.13 

.13 

— 

.4 

— 

.3 

+  .27 

+ 

.32 

.15 

.16 

.14 

— 

.4 

— 

.3 

+  .42 

+ 

.50 

.21 

.17 

.27 

— 

.3 

— 

.2 

+  .6fl 

+ 

.79 

.35 

.35 

.44 

— 

.2 

— 

.2 

Av.  Div. 

0 

+ 

.2 

from  true 

.88 

.48 

.18 

.18 

.88 

+ 

.1 

+ 

.2 

+ 

.2 

+ 

.3 

In  3  sots  of 

110  cases 

+ 

.3 

+ 

.4 

—  .10 



.12 

.00 

.00 

.10 

+ 

.4 

+ 

.5 

—  .03 



.06 

.02 

.06 

.20 

+ 

.4 

+ 

.5 

+  .12 

+ 

.33 

.09 

.06 

.33 

+ 

.4 

+ 

.5 

Av.  Div. 

+ 

.9 

+ 

.5 

from  true 

.11 

.17 

.04 

.04 

.81 

+ 

.5 

+ 

.8 

+ 

.6 

+ 

.8 

In  2  sets  of  275  cases 

+    .8 
+  1.0 
+  1.1 
+  1.2 
+  1.6 

+  1.2 
+  1.5 
+  1.5 
+  1.5 
+  1.5 

Av.  Div. 
from  true 

—  .07 
+  .02 

.045 

+ 

.05 
.06 

.055 

.04 
.06 

.05 

.07 
.08 

.075 

.04 
.07 

.055 

+  1.8 

+  3.1 

Av.  Dhr. 

from  tnie  = 

M 

.77 

Series 

D 

In  16  sets  of  10  cases 

At.  Obt-AT. 

In  6  sets  of  50  cases 

True.        M. 

Obt-M.  True. 

At. 

M 

r. 

A.D. 

V 

Q. 



1.6 



2.5 

Obt.- 

Obt- 

Obt.- 

Obt- 

Obt- 

___ 

1.4 

«__ 

2.0 

Tr. 

Tr. 

Tr. 

Tr. 

Tr. 

___ 

1.4 

_ 

2.0 

+  .09 

— 

.37 

.09 

.12 

.09 

___ 

1.2 

_^ 

1.0 

—  .76 

— 

.84 

.43 

.30 

.40 

__ 

1.2 

^^ 

1.0 

+  .16 

— 

.40 

.11 

.10 

.26 

__ 

1.0 



1.0 

—  .10 

— 

.50 

.01 

.07 

.01 

___ 

.8 



1.0 

+  .36 

+ 

.32 

.27 

.14 

.35 

— 

.6 

— 

1.0 

—  .56 

+  1.10 

.26 

.24 

.18 



.4 

0 

Av.  Div. 

— 

.4 
0 

0 
0 

from  true 

.84 

.59 

.19 

.16 

.81 

0 

0 

In  7  sets  of 

100  cases 

+ 

.6 

+  1.0 

+  .35 

+ 

.18 

.08 

.12 

.09 

+ 

.6 

+  1.0 

—  .32 

— 

.4.'> 

.23 

.22 

.33 

+ 

.8 

+  1.0 

+  .08 

— 

.12 

.01 

.03 

.09 

+  1.8 

+  2.0 

+  .10 

+ 

.25 

.17 

.08 

.09 

Av.  Div. 

+  .44 

+ 

.70 

.07 

.04 

.06 

from  tnie  = 

—  .82 

+  1.60 

.07 

.02 

.26 

.86 

1.04 

Av.  Div. 

+  .22 

+ 

.42 

.05 

.06 

.06 

from  true 

.83 

.53 

.097 

.081 

.140 
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§  3.     The  Divergences  of  the  Obtained  from  the  True  Measures  hy 
Theory  and  hy  Experiment 

It  is  always  interesting  to  compare  the  result  of  experiments  in 
chance  with  the  expectations  derived  from  the  theory  of  probability. 
Accordingly,  I  give  the  facts  in  Table  IV.  so  as  to  save  the  reader 
interested  in  this  matter  the  time  of  collation  and  calculation  from 
the  data  of  Tables  II.  and  III. 

The  figures  under  Theory  were  calculated  not  from  the  A.D.'s 
of  all  the  separate  samplings,  but  once  for  all  from  the  A.D.  of  the 
total  series. 

The  figure  under  Theory  is  not  in  any  case  exactly  the  amount 

to  be  expected  under  strictly  correct  theory,  but  is  the  amount  to 

A  D 
be  expected  from  the  formula  A.D.tr.-obt.AT.  =« —   —  > 

Vn 

This  formula,  applicable  to  cases  of  random  sampling  from  a 
distribution  of  the  so-called  normal  type,  will  of  course  not  suit 
exactly  distributions  limited  in  extent  and  irregular  in  f onri.  Com- 
parison with  it  is  however  the  important  matter  practically,  since 
it  is  the  formula  in  universal  use. 


TABLE 

I    IV. 

Av.  Dev. 

OF  Obtained 

FROM 

True  Average 

Ser. 

N 

n 

Theory. 

Exper. 

B 

T 

A 

102 

3 

1.00 

.47 

47% 

B 

100 

3 

.62 

.57 

92" 

C 

110 

3 

.22 

.11 

50" 

D 

100 

7 

.31 

.33 

107" 

A 

63 

4 

1.37 

.93 

68" 

B 

50 

4 

.87 

1.25 

144" 

C 

55 

5 

.31 

.33 

107" 

D 

50 

6 

.44 

.34 

77" 

A 

10 

10 

3.20 

3.00 

94" 

B 

10 

5 

1.96 

1.80 

92" 

C 

11 

25 

.69 

.62 

90" 

D 

10 

16 

.99 

.86 

87" 
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§  4.    The  Relation  Between  the  Amount  of  a  Central  Tendency  and 

the  Amount  of  the  Variability  of  the  Oroup  about  the 

Central  Tendency 

In  comparing  groups  with  respect  to  variability  allowance  must 
be  made  for  the  fact  that,  in  certain  cases  at  least,  the  amounts  of 
the  central  tendency  influence  the  amounts  of  the  variabilities.  Thus 
the  A.D.  of  men  in  weight  is  hundreds  of  times  that  of  butterflies, 
yet  the  former  are  of  course  not  really  a  hundred  times  as  variable. 
Thus  the  A.D.  of  a  group  in  a  test  of  addition  was,  for  trials  of  40 
seconds,  2.18;  for  trials  of  80  seconds,  3.41;  and  for  trials  of  120 
seconds,  5.18.  It  would  obviously  be  silly  if  we  had  tested  men  with 
trials  of  80  seconds  and  women  with  trials  of  40  seconds,  and  ob- 
tained these  results,  to  infer  that  men  are  50  per  cent,  more  variable 
in  ability  to  add  than  are  women. 

In  using  the  so-called  coeflBcient  of  variation  (proposed  by  Pear- 
son) one  makes  allowance  for  the  possible  influence  of  the  central 
tendencies'  amounts  by  dividing  through  the  gross  variabilities  each 
by  the  amount  of  its  corresponding  central  tendency.  I  have  else- 
where shown  that  for  mental  and  social  measurements  no  one  such 
rule  can  be  always  or  even  often  right  and  suggested  that  in  any  <^^ 
case  a  division  through  by  the  square  root  of  the  corresponding  cen- V  /^^ 
tral  tendency  is  more  in  accord  with  both  theory  and  facts.  ^  !         ' '  t^ 

In  this  section  enough  data  will  be  presented  to  practically  dem-  P ' 
onstrate  both  of  these  assertions.  It  is  not  important  to  investigate 
the  matter  exhaustively  for  the  very  reason  that  no  one  general  rule 
for  comparing  groups  with  respect  to  variability  can  be  found.  All 
that  is  needed  is  a  clear  enough  proof  of  the  inadequacy  of  the  prac- 
tice of  comparing  groups  after  dividing  through  the  gross  variabili- 
ties by  the  corresponding  means— clear  enough  to  stop  the  spread  of 
the  practice  and  to  warn  readers  against  conclusions  based  on  such 
comparisons. 

If  we  take  the  arrays  of  i/  in  a  case  where  y  is  positively  cor- 
related with  X  we  have  a  series  of  groups  with  central  tendencies 
varying  from  lower  to  higher  which  are  selected  at  random  so  far 
as  concerns  any  influence  on  the  variability  except  the  influence  of 
the  amount  of  the  mean.  The  differences  in  variability  found  for 
these  arrays  give,  then,  in  connection  with  the  differences  in  the 
amounts  of  their  central  tendencies,  the  answer  to  our  problem  for 
the  case  of  comparisons  of  groups  with  respect  to  their  variability 
in  the  same  trait.  If  we  find  that  even  in  such  cases  there  is  no 
constant  relation  of  difference  in  central  tendency  to  difference  in 

^  Mental  and  Social  Measurements,  pp.  102-103. 
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variability,  but  that  one  law  obtains  for  stature  and  another  for 
span  or  finger  length,  then  a  fortiori  no  constant  relation  can  be  pre- 
supposed when  the  variability  of  a  group  in  one  trait  is  to  be  com- 
pared with  its  variability  (or  that  of  a  second  group)  in  a  different 
trait. 

The  first  facts  to  which  I  call  the  reader's  attention  are  the  com- 
parison of  arrays  of  y  corresponding  to  very  low  values  of  x  with 
arrays  of  y  corresponding  to  very  high  values  of  x  in  the  case  of  ten 
correlations  chosen  at  random  (so  far  as  this  issue  is  concerned) 
from  Vols.  I.  and  II.  of  Biometrika.  The  number  of  cases  ranged 
from  49  to  319.  The  results  are  given  in  Table  V.  in  the  form 
of  (1)  the  variability  of  arrays  related  to  high  central  tendencies  of 
X  (and  consequently  having  high  central  tendencies  of  y)  divided 
by  the  variability  of  arrays  related  to  low  central  tendencies  of  x, 
under  the  heading  'Gross';  (2)  the  Pearson  coeflScient  of  variability 
for  the  former  divided  by  the  Pearson  coeflBcient  of  variability  for 

Gross 


the  latter  under  the  heading 


CT 


-;  and  (3)  the  similar  ratio  for  the 


two  variabilities  each  having  been  divided  by  the  square  root  of  the 
amount  of  the  corresponding  central  tendency,  under  the  heading 

— -.     A  perfect  method  would  give  values  of  100  throughout. 


TABLE   V.   (a) 

Gross. 

Width  of  head  101.5 

Length  of  left  middle  finger  94.4 

Number  of  stamens  112.3 

Number  of  stamene  164.7 

Frontal  breadth  106.8 

Length  of  right  antenna  (aphis)  88.2 

Number  of  stamens  111.6 


Number  of  stamens  (lesser  celandine)   132.6 
Span  115 


GroM 
CT. 

95.7 


89.5 
110 
86 

90.8 
106 
99 


Grots 

l/OT. 

98.5 


96.3 
135 
96.1 

100.8 

119 

107 


Nearest  to 
Equalitj. 

Gross 


VC.T. 
Gross 
Gross 

vert: 

Gross 
"OTT 
Gross 

Gross 
Gross 

Gross 

CTTT 

Gross 

~cTtr 

Gross 


Forearm  length  95.7 

Median  109.2  90.1  97.5 

The  detailed  facts  from  which  these  ratios  come  are  given  in  Table  V.  (6). 
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TABLE   V.   (6) 

VAETABrLTTIES  OF  ABBATS  OF  y  KELATED  TO  LoW  AND  HiGH  VALUES  OF  X,     Ik  TeBMS  OF  A  J). 

(Each  case  measured  is  recorded  in  three  lines:  the  first  line  gives  the  values  of  x;  the 
second  line  gives  the  variabilities  of  the  related  arrays  of  y;  the  third  line  gives  the  numbers 
of  cases  in  the  arrays.    The  volume  and  page  numbers  refer  always  to  Biametrika,) 


I.,  214 

or  =  Head  length 

18.0 

18.1 

18.2 

20.1 

20.2 

20.3    20.4 

y  =  Head  breadth 

3.2 

3.1 

3.0 

3.2 

3.9 

3.5       3.0 

35 

38 

51 

53 

54 

33        30 

1.,  216 

a?  =  Height 

y  =  Left  middle 

58.6 

59.6 

60.6 

69.6 

70.6 

71.6 

finger  length 

3.6 

4.0 

3.0 

3.2 

3.3 

3.2 

23 

48 

90 

97 

46 

16 

1.,  126 

;v  =  No.  of  pistils 

12 

13 

14 

20 

21 

22       23 

Fable  I. 

y=No.  of  stamens 

2.1 

2.3 

2.4 

2.8 

2.6 

2.3       2.4 

13 

12 

22 

19 

13 

15        10 

I.,  126 

ar=No.  of  pistils 

6 

7 

8 

16 

17 

18 

Fable  11. 

y  =  No.  of  stamens 

1.8 

1.1 

1.1 

2.0 

1.8 

2.2 

6 

16 

35 

23 

16 

11 

1.9  152    «=  Frontal  breadth 

(aphis)  Istbrother  13.5  19.5 

y  =  Frontal  breadth 

(aphis)  2d  brother    1.46  1.56 

57  50 

1.,  153    «=:  Length  of  antenna 

(aphis)  1st  brother  26       28  48       50 

y  =  Length  of  antenna 

(aphis)  2d  brother    1.6       1.0  1.2       3.3 

14       71  43        12 

II.,  161     dT  =  No.  of  pistils 

(lesser  celandine)    13  22 

y  =  No.  of  stamens 

(lesser  celandine)     1.8  2.3 

24  25 


II.,  162 

m  =  No.  of  pistils 

(lesser  celandine) 

14        15        16 

17 

28       29       30       31        32       33 

y  =  No.  of  stamens 

(lesser  celandine) 

1.9       2.6      2.1 

4.7 

3.6       3.4       3.2       3.4       4.0       3.8 

10        17        16 

28 

20        16        13        11        19        15 

II.,  399 

«  =  Height 

61        62 

72       73 

y  =  Span 

1.2       1.4 
8.5     32.5 

1.7       1.5 
33        13 

II.,  403 

X  =  Span 

63        64 

75       76 

y  =  Forearm 

.83     1.28 
13        32 

1.03     1.28 
28        11.5 
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The  gross  variabilities  often  increase  as  we  would  expect  with 
higher  central  tendencies,  though  by  no  means  always.  Seven  out 
of  ten  do  so,  giving  a  median  value  of  109.2  instead  of  100.  The 
Pearson  coeflB'cient  of  variation  makes  too  much  of  a  deduction  for 
an  increase  in  the  amount  of  the  central  tendency  in  all  but  three 
cases,  giving  a  median  value  of  90.1  instead  of  100.  The  square  foot 
deduction,  with  a  median  value  of  97.5,  makes  the  least  error  of  any 
one  single  method.  These  facts  alone  disqualify  the  so-called  'coeffi- 
cient of  variation'  as  a  means  of  comparing  variabilities.  But  more 
detailed  studies  of  the  cases  of  length  of  finger,  span  and  stature  will 
be  still  clearer. 

The  facts  for  length  of  left  middle  finger  are  as  given  in  Table  YI. 

TABLE    VI. 

Relation  op  Amount  op  Vabiabiijtt  to  Amount  of  Central  Tendenct. 
FiNOEB  Length.     {Biometrika,  Vol.  L,  p.  216) 


Arrmj. 
1 

Valaeof  xtoWhioh 

the  Amj  U 

Belated. 

581 

No.  of  Cmm  in 
the  Array. 

6 

Central  Ten- 

denoj  of  the 

Arraj. 

103 

VarUblUty  (A.D.) 

of  the  Array. 

167 

2 

501 

23 

107 

357 

3 

601 

48 

108 

404 

4 

611 

90 

109 

309 

5 

621 

175 

111 

325 

6 

631 

317 

112 

347 

7 

641 

393 

114 

312 

8 
9 

651 
661 

920 

116 

331 

10 

671 

413 

118 

339 

11 

681 

264 

119 

345 

12 

6»1 

177 

120 

334 

13 

701 

97 

122 

322 

14 

711 

46 

124 

333 

15 

721 

17 

126 

318 

16 

731 

7 

128 

386 

17 

741 

4 

128 

275 

In  the  case  of  finger  length  increase  in  the  amount  of  the  central 
tendency  does  not  imply  an  appreciable  increase  in  the  amount  of 
variability.    No  allowance  is  needed. 

In  the  case  of  span  it  would  be  equally  absurd  not  to  make  an 
allowance  and  one  as  great  or  nearly  as  great  as  the  Pearson  method 
makes.  For  the  preliminary  study  of  the  variability  of  span  re- 
ported in  Table  V.  is  confirmed  by  the  facts  in  the  case  of  three 
other  span  series.  These  facts  (given  in  Table  VII.)  abundantly 
prove  that  the  influence  of  the  amount  of  the  central  tendency  on  the 
amount  of  the  variability  follows  totally  different  laws  in  the  case 
of  span  and  of  finger  length. 
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TABLE    VII. 

Relation  of  Amount  of  Vabiabiutt  to  Amount  of  Central  Tendenct. 
Span.     {Biometrika,  Vol.  II.,  pp.  399-401) 


Fathen 

1. 

Sods. 

Mothers. 

Daaghtan. 

N. 

C.T. 

Var. 

y. 

C.T. 

Var. 

N. 

C.T. 

Var. 

N. 

C.T. 

Var. 

32.6 

642 

578 

31 

657 

519 

18 

571 

428 

15.5 

585 

471 

42.5 

651 

587 

56 

660 

505 

34.5 

582 

596 

52 

596 

447 

71.5 

658 

560 

78.5 

670 

516 

79.5 

593 

600 

101 

600 

466 

122.5 

667 

666 

127 

fill 

580 

135.5 

600 

524 

150 

613 

515 

142.5 

675 

662 

178.5 

687 

608 

163 

609 

608 

199 

620 

485 

136.5 

687 

593 

189 

700 

600 

183 

619 

573 

438 

625 

510 

154.6 

692 

574 

137 

707 

636 

163 

627 

554 

169.5 

650 

492 

118.5 

7Q2 

658 

137 

715 

505 

114.5 

637 

542 

151.5 

660 

605 

102.5 

713 

698 

93 

720 

601 

78.5 

640 

624 

81.5 

660 

601 

56.5 

720 

601 

52.5 

735 

503 

41 

647 

588 

40.5 

665 

481 

33 

735 

678 

39 

745 

595 

16 

655 

881 

19.5 

680 

436 

As  a  final  case  let  us  take  stature.  Here  the  variability  is 
slightly  less  as  the  amount  of  the  central  tendency  increases.  The 
facts  are  given  in  Table  VIII.  constructed  on  the  same  plan  as 
Table  VI. 

TABLE    VIII. 

Relation  of  Amount  of  Variability  to  Amount  of  Central  Tendency  in 

Groups  Differing  in  Central  Tendency.     Stature. 

{Biometrika,  Vol.  I.,  p.  216) 


Related  to  x. 

N. 

C.T. 

AD. 

10.0 

7 

61.1 

286 

.1 

7 

61.1 

146 

.2 

10 

60.6 

190 

.3 

17 

60.7 

179 

.4 

20 

62.3 

170 

.5 

30 

62.8 

183 

.6 

44 

62.8 

132 

.7 

74 

62.1 

153 

.8 
.9 

177 

63.6 

137 

11.0 
.1 

315 

64.1 

162 

.2 
.3 

347 

64.6 

155 

.4 
.5 

461 

65.1 

152 

.6 
.7 

458 

66.1 

158 

.8 
.9 

346 

66.1 

156 

12.0 
.1 

289 

67.1 

147 

.2 
.3 

180 

67.1 

157 

.4 

44 

67.6 

170 

.5 

52 

69.6 

158 

.6 

35 

69.6 

147 

.7 

31 

68.6 

127 

.8 

25 

70.1 

148 

.9 

7 

69.1 

136 

13.0 

8 

69.1 

264 
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Measurements  op  Relationships 

The  importance  to  any  science  of  exact  and  convenient  methods 
of  measuring  the  relationships  of  the  facts  it  studies  should  be 
obvious.  It  is  therefore  unfortunate  that  students  of  psychology 
and  the  social  sciences  have  with  few  exceptions  neglected  both  the 
theoretical  problem  of  correlated  variations  and  the  careful  measure- 
ment of  such  relationships  as  they  have  in  fact  found. 

The  failure  to  utilize  the  methods  devised  by  Galton,  Pearson, 
Sheppard,  Spearman  and  others  is  due  partly  to  an  ignorant  and 
partly  to  an  intelligent  suspicion  aroused  by  the  mathematical 
derivations  of  these  methods.  Ignorance  of  the  rationale  of  their 
derivations  cooperating  with  ignorance  of  the  conditions  which  re- 
quire their  use  and  of  the  necessity  of  some  such  refined  methods  has 
caused  the  stupid  suspicion  and  aversion.  Inability  to  follow  the 
mathematics  of  the  derivation  of  formulas,  at  least  in  detail,  cooperat- 
ing with  the  rational  expectation  that  too  abstract  methods  will  fit 
the  concrete  cases  imperfectly  and  with  the  equally  rational  con- 
fidence that  proofs  resting  upon  the  assumption  of  close  approxima- 
tion of  actual  variations  in  mental  and  social  facts  to  the  probability 
curve  distribution  are  always  unsafe  and,  perhaps,  usually  mislead- 
ing, has  caused  the  intelligent  suspicion. 

It  is  probable  that  unless  these  methods  are  soon  subjected  to  a 
review  by  some  one  who  can  both  make  perfectly  clear  their  presup- 
positions to  the  rank  and  file  of  investigators  in  psychology  and  the 
social  sciences  and  prove  their  applicability  to  actual  cases  of  rela- 
tions to  be  measured,  there  will  be  damage  done  in  two  ways.  Many 
investigators  will  as  in  the  past  use  hopelessly  crude  methods  and 
misinterpret  relationships;  and  also  many  investigators  will  learn 
off  the  formulas  of  the  mathematical  statisticians  and  apply  them 
to  cases  where  they  are  out  of  place  and  give  inadequate  and  mis- 
leading results.  To  both  of  these  errors  the  writer,  for  instance, 
confesses  himself  guilty  in  the  past. 

I  am  unable  to  make  such  a  review  but  as  no  one  of  those  who 
are  able  seems  willing,^  I  have  made  a  partial  and  inferior  substi- 
tute for  it  which  I  hope  may,  in  so  far  as  it  is  sound,  be  instructive 
to  students  of  mental  measurements  and,  in  so  far  as  it  is  unsound, 

*  Perhaps  Mr.  C.  Spearman's  article  on  *  Tlie  Proof  and  Measurement  of 
Association  between  Two  Things*  (in  the  Am.  J.  of  Psy.,  Vol.  XV.)  may  be 
considered  as  filling  the  need,  but  I  fear  that  it  is  too  technical  in  parts  and 
not  inquisitive  enough  concerning  the  actual  relations  between  (1)  the  indi- 
vidual relationships,  from  which  all  our  computations  ought  to  start,  and  (2) 
the  general  expressions  or  summaries  of  them.  At  all  events  I  am  not  trying 
to  do  over  again,  for  better  or  worse,  what  Mr.  Spearman  has  done,  but  some- 
thing which  is  needed  as  introductory  and  accessory  to  his  work. 


MEASUREMENTS   OF   RELATIONSHIPS  15 

may  provoke  some  capable  student  to  give  the  adequate  review  that 
is  so  much  needed. 

This  report  will  presuppose  in  the  reader  knowledge  of  the  bare 
elements  of  the  theory  of  measurement  of  variable  facts  such  as  is 
given  for  instance  in  the  writer's  Introduction  to  the  Theory  of  Men- 
tal and  Social  Measurements,  It  will  deal  in  order  with  the  fol- 
lowing topics : 

I.  What  is  actually  measured  by  typical  measures  of  the  relation- 
ship between  first  and  second  member  of  a  pair  in  a  series  of  pairs 
of  values,  each  first-member  value  being  a  deviation  from  the  central 
tendency  of  one  series  and  each  second-member  value  being  a  reliEited 
deviation  from  the  central  tendency  of  a  second  series? 

II.  What  are  the  respective  presuppositions  of  each  of  these 
typical  measures? 

III.  What  are  the  advantages  and  disadvantages  of  each  of  these 
typical  measures? 

The  only  original  contributions  which  this  discussion  contains 
are  (1)  the  investigation  of  certain  artificially  constructed  cases  of 
correlation  and  (2)  a  laborious  but  not  very  important  experimental 
testing  of  the  comparative  reliability  of  different  measures  of  rela- 
tionship, and  (3)  a  similar  experimental  testing  of  methods  for  cor- 
recting measures  of  relationship  for  the  'attenuation'  due  to  inaccu- 
rate original  data. 

§  5.  I.  What  is  actuaUy  measured  by  typical  measures  of  the 
relationship  between  first  and  second  member  of  a  pair  in  a  series 
of  pairs  of  values,  each  first-member  value  being  a  deviation  from 
the  central  tendency  of  one  series  and  each  second-member  value 
being  a  related  deviation  from  the  central  tendency  of  a  second  series ! 

Consider  the  following  series  of  paired  values  of  A  and  B : 


A 

B 

A 

B 

A 

B 
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—  1 

—  3 

+  1 
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-f  3 

-3 

—  3 

-hi 

—  3 

+  3 
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+  1 

-f  5 

+  3 

-3 

+  1 

+  1 

+  3 

+  6 
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-1 

—  5 

+  1 

+  5 

+  7 

■\-^ 

Pearson  Coefficient  =.634. 
Median  Ratio  B/A  =  .65. 
Average  of  Ratios  =.902. 

The  average  of  ratios  is  valueless  because  it  overweights  positive  values  of 
1,  2  pairs,  etc. 

Per  cent,  unlike  signs  =  .267,  r  as  calculated  therefrom  being  .665. 
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Each  of  these  pairs  represents  a  relationship,  the  entire  series 
reading:  A  deviation  in  A  of  — 7  from  the  central  tendency  of  A 
brought  with  it  a  deviation  in  B  of  —  5  from  the  central  tendency  of 
B;  8L  deviation  of  — 5  brought  in  one  case  a  deviation  in  B  of  — 5, 
in  a  second  case  one  of  —  3,  and  in  a  third  case  of  —  1,  etc. 

Consider  now  two  measures  each  expressing  an  important  fact 
concerning  this  series  of  30  individual  relationships.     The  first  is, 

— 4L — L=^  =  .634.      The  second  is,  The  median  of  the  SOB/ A 

yy^AW^B^ 

ratios  =.65.    The  former  is  of  course  the  Pearson  Coefficient  of 

correlation  for  A  —  B;  the  latter  is  the  Median  or  Mid  Ratio  B/A. 

What  the  former  measures  can  not  be  stated  except  in  terms  not 
yet  given  by  the  individual  relationships  themselves.  Professor 
Pearson's  own  statements  for  instance  are  in  terms  of  certain  facts 
of  a  correlation  diagram  such  as  Fig.  1,  not  in  terms  of  the  indi- 
vidual relationships. 

It  is  dear  that  in  the  case  of  Fig.  1,  which  represents  our  30 
relationships  graphically,  the  slope  of  the  straight  line  LL^  through 

00      -7  -S  -3  -I  .-I  O  ^s  -7 
i      C 

♦/ 
^3 

^^ 


•  vX 


X 

X 


0  so  drawn  that  the  sum  of  the  deviations  of  the  individual  dots  from 
it  is  zero  (measuring  deviations  in  the  direction  of  the  B  line  and 
calling  deviations  above  the  line  in  the  left  hand  half  of  the  surface 
and  below  the  line  in  the  right  hand  half  of  the  surface  +,  and 
calling  deviations  below  the  line  in  the  left  half  and  above  the  line 
in  the  right  hand  half  — )  is  a  measure  of  an  important  fact  about 
the  series  of  relationships. 

The  Pearson  Coefficient  does  not,  however,  measure  the  slope  of 
just  such  a  line  as  we  have  supposed  to  be  drawn  in  Fig.  1  and 
described  in  the  last  paragraph.     Its  line  is  not  so  calculated  as  to 

*  In  this  case  the  slope  is  roughly  73  per  cent,  of  45**,  the  slope  which  would 
be  found  were  correlation  perfect.  The  slope  for  the  A*a  taken  as  dependent  on 
the  B*s  is  roughly  64  per  cent,  of  46**. 
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make  the  deviations  from  it  toward  closer  correlation  equal  to  the 
deviations  from  it  towards  less  correlation,  but  is  so  calculated  as 
to  make  the  sum  of  the  squares  of  the  deviations  from  it  least. 

This  of  course  weights  the  extreme  deviations  much  more  than 
those  near  the  center  of  the  surface,  for  the  same  change  in  the 
slope  of  the  line  alters  the  sum  of  the  squares  of  the  deviations  from 
the  line  near  the  center  of  the  surface  far  less  than  that  of  the  re- 
mote deviations.  This  is  a  possibly  questionable  feature  of  the 
Pearson  Coefficient. 

Moreover  it  is  calculated  as  the  slope  of  this  line  of  so-called 
*  regression*  as  found  when  the  two  traits  are  reduced  to  equivalence 
of  variability  and  double  entries  are  made  in  the  correlation  table, 
t.  e.,  B^s  as  related  to  A's  and  A's  as  related  to  B%  the  two  sets 
of  entries  being  so  superposed  that  the  intersection  of  the  means  in 
the  one  case  coincides  with  the  intersection  of  the  means  in  the 
other  case. 

Professor  Pearson  gives  many  readers  the  impression  that  his 
coefficient  of  correlation  is  calculated  as  the  slope  of  the  straight  line 
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through  0  to  fit  the  points  in  the  correlation  diagram  that  represent 
the  means  of  the  arrays^  (the  two  related  series  being  reduced  to 
an  equivalence  in  variability  and  entered  doubly),  but  in  fact  it 
is  the  slope  of  the  line  from  which  the  sum  of  the  squares  of  the 
deviations  of  all  the  dots  each  representing  one  relationship  is  least, 
not  the  slope  of  the  line  from  which  the  sum  of  the  squares  of  the 
deviations  of  the  dots  representing  each  the  mean  of  one  array  is 
least.  It  is  in  our  illustration  a  line  to  fit  the  dots  of  Fig.  3,  not 
those  of  Fig.  2.  That  is,  an  array  of  100  cases  is  (quite  properly) 
given  greater  weight  than  one  of  2  cases. 

*  See,  for  instance,  *  Grammar  of  Science,'  2d  edition,  1900,  p.  393  and  p.  396. 
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Consider  now  the  Pearson  Coefficient  from  another  point  of  view. 
Let  us  for  the  present  restrict  relationships  to  those  between  two 
series  of  the  same  form  of  distribution,  and  also  define  perfect  corre- 
lation as  a  relationship  such  that  any  deviation  of  A  from  its  central 
tendency  will  imply  a  deviation  of  B  from  5's  central  tendency 
which  shall  be  the  same  fraction  of  £'s  variability  that  the  deviation 
of  A  is  of  A's  variability.    That  is, 

g.  „  ^.  g»       „       ^»  etc. 

Var.  of  JJ  series      Var.  of  A  series'    Var.  ofJJ      Var.  ofA' 

^ar  of  B  series 
If  then  all  values  of  B  are  divided  by  --    ~  -.—     .-,  we  should  in 

Var.  01  A  series 

perfect  correlation  find  each  deviation  of  A  accompanied  by  an 

identical  deviation  of  B.     The  sum  of  the  AB  products  would  be 

equal  to  the  sum  of  the  A*,  or  to  the  sum  of  the  5*,  or  to  V5A*  V55*. 

In  the  case  of  two  series  of  the  same  form  of  distribution  and 
of  equal  variability  the  Pearson  Coefficient  formula  then  measures 
the  proportion  which  the  sum  of  the  series  A^B^,  A^B^,  etc.,  is  of 
what  it  would  be  with  perfect  correlation  as  defined. 

It  can  be  shown  that  without  reducing  B  or  A  to  equivalence  in 
variability  perfect  correlation  as  defined  would  give  for  the  sum 
of  the  AB  products  VS-A*  V2B*,  provided  the  form  of  distribution 
of  A  is  the  same  as  that  of  B. 

The  Pearson  Coefficient  measures,  then,  in  cases  where  the  form 
of  distribution  of  the  two  facts  to  be  related  is  the  same,  the  propor- 
tion which  the  simi  of  the  AB  products  is  of  what  it  would  be  were 
correlation  perfect. 

There  is  no  ambiguity  as  to  what  is  measured  by  the  median  of 
the  B/A  ratios.  Whatever  the  distributions  may  be  or  the  ratios, 
the  median  means  always  a  definite  thing:  the  ratio  B/A  which  is 
exceeded  in  magnitude  by  as  many  of  the  ratios  as  it  exceeds.  We 
have  only  to  note  that  the  median  of  the  B/A  's  and  the  median  of 
the  A/B^s  are  two  different  things  and  that  if  we  are  interested  in 
representing  in  one  number  both  what  a  given  A  deviation  implies 
with  respect  to  B  and  what  a  given  B  deviation  implies  with  respect 
to  A,  we  must  use  both  the  B/A  and  the  A/B  median. 

Certain  other  measures  deserve  mention.  The  directly  calcu- 
lated average  of  all  the  individual  relationships  B/A  or  A/B  is  a 
perfectly  comprehensible  measure  but  rather  a  useless  one.  The 
Modal  Ratio  B/A  or  A/B  is  also  a  perfectly  clear  conception  and, 
in  cases  where  it  can  be  easily  and  accurately  determined,  a  very 
valuable  one. 

The  per  cent,  of  direct  or  the  per  cent,  of  inverse  relationships 
is  equally  comprehensible,  and  is  an  important  function  of  the  close- 
ness of  relationship. 
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When  the  individual  values  of  A  and  B  are  not  measured  as 
amounts  of  deviation  from  their  cei^tral  tendencies,  but  only  as  so 
many  A^'s  known  to  be  less  than  Z  and  so  many  A^^s  greater  than 
Zy  and  as  so  many  5*'s  less  than  W  and  so  many  B^'s  greater  than 
W,  the  per  cents,  of  A^B^  pairs,  A^B^  pairs,  A^B^  pairs  and  A^B^ 
pairs  give  important  information. 

The  number  and  amount  of  the  divergences  of  the  ranks  of  the 
second  members  from  the  ranks  of  their  related  first  members  also 
give  important  information. 

If  the  two  related  facts  are  of  the  so-called  normal  distribution 
and  the  relationship  is  uniform  for  all  amounts  of  A  and  each  array 
is  also  a  normal  distribution,  the  Median  Ratio,  the  Modal  Ratio  and 
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the  Pearson  CoeflScient  will,  if  the  two  series  are  reduced  to  equiv- 
alence in  variability,  coincide  and  will  equal  cosine  irJJ}  This  is 
the  case  of  so-called  normal  correlation  approximated  in  many  or- 
ganic and  hereditary  anatomical  relationships.  It  is  of  course  only 
one  of  many  possible  types  of  relationship.  The  extent  to  which  it 
prevails  in  mental  and  social  relationships  is  not  known.  Its  pre- 
valence in  the  case  of  anatomical  facts  has  probably  been  over- 
estimated. 

Table  IX.  gives  the  facts  of  the  relationship  between  two  series 
both  of  the  same  form  of  distribution,  almost  exactly  the  so-called 
normal,  and  of  the  same  variability,  the  relationship  being  devised 
artificially  so  that  the  average  of  each  array  of  y  is  .5  X  the  corre- 
sponding value  of  X.  This  regression  of  y  on  a;  is  shown  graph- 
ically in  Pig.  4,  which  gives  the  average  of  each  array  of  the  y's. 
The  regression  of  x  on  t/  is  shown  graphically  in  Fig.  5,  which  gives 
the  average  of  each  array  of  the  a:'s.  The  Pearson  CoeflScient  for 
this  case  is  .53.     The  Median  Ratio  is  much  higher  (.60  for  the  y/x 

*  U  equalling  the  per  cent,  of  unlike-signed  pairs. 
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and  x/y  ratios  together)  because  the  correlation  is  much  closer  for 
mediocre  values  of  x  and  y  than  for  extreme  values  (see  especially 
the  regression  of  re  on  t/).  17  is  .292  and  r  from  cos  irI7  is  accord- 
ingly .61. 

This  case  illustrates  the  fact  that  the  relation  of  y  to  x  may  not 
be  the  same  as  that  ot  x  to  y  even  when  the  form  of  distribution  and 
variability  is  the  same  for  both  cases.  It  also  illustrates  a  rather 
close  approach  to  the  so-called  'normal'  correlation. 


Fig.  5. 

Table  X.  gives  graphically  the  correlation  in  the  case  of  age  at 
death  of  husband  with  age  at  death  of  wife  in  935  pairs  from 
records  of  the  Society  of  Friends.  This  is  taken  from  the  table 
on  p.  498  of  Vol.  I.  of  Biometrika,  the  table  being  due  to  Mary 
Beeton  in  cooperation  with  Karl  Pearson.  This  case  shows  a  rela- 
tionship between  two  series  neither  of  which  is  anything  like  normal 
in  form  of  distribution,  which  are  not  of  the  same  form  of  distribu- 
tion and  which  therefore  are  in  strictness  incomparable  in  varia- 
bility. 
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Pig.  6  gives  the  regression  of  y  (wife's  age)  on  x  (husband's 
age)  in  terms  of  averages  of  arrays  of  y  and  also  of  medians  of 
arrays  of  y.  To  give  the  regression  by  single  modes  for  the  arrays 
would  be  fallacious,  for  each  array  is  more  or  less  clearly  a  bimodal 
distribution.  This  is  shown  in  Pig.  7,  where  the  t/'s  are  grouped 
in  four  large  arrays.  It  should  be  clear  that  any  single  figure  is 
inadequate  to  express  this  relationship.  The  Pearson  CoeflBcient  of 
correlation  is  .20  and  the  regression  of  y  (wife's  age)  on  x  (hus- 
band's age)  calculated  from  it  is  .25.  But  this  would  lead  one  far 
astray  concerning  the  real  regression,  as  we  see  by  Fig.  6.  The 
relationship  is  closer  for  early  deaths  than  for  late.  The  form  of 
distribution  of  the  relationship  is,  apart  from  this,  skewed  in  gen- 
eral from  a  mode  of  close  resemblance  toward  very  great  diversity, 
and  is  in  the  third  place  complicated  by  the  submodal  tendency  of 
a  wife  to  die  at  about  35  more  often  than  at  30  or  40.  Such  a  case 
illustrates  the  fact  that  each  type  of  measure  of  a  relationship  meas- 
ures some  particular  aspect  thereof  and  also  the  fact  of  the  extreme 
abstractness  from  reality  of  the  Pearson  Coefficient,  which  in  this 
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case  measures  neither  a  uniform  tendency  nor  a  central  tendency 
of  the  series  of  individual  relationships. 

The  reader  will  obtain  concrete  information  about  the  meaning 
of  the  different  measures  of  relationship  and  of  their  merits  in  actual 
practise  if  he  will  calculate  them  for  a  score  of  representative  rela- 
tionships and  examine  them  in  the  light  of  the  entire  correlation 
tables.    I  have  done  this  for  the  cosine  vV  and  Median  Ratio  (or  rather, 

X  Age  ot  Husl/anj 


Fio.  6.    The  dotted  line  is  from  averages ;  the  continuous  line  from  medians. 
The  dash  line  is  the  regression  as  calculated  from  the  Pearson  Coefficient. 

in  order  to  have  the  resulting  figure  comparable  directly  with  the 


cosine  irU  and  the  Pearson  r,  for  the  median  of  all  the  ratios 


y  var.  x 
X  var.  y 


and 


X  var.  1/ 


)in  the  case  of  nine  relationships  representing  organic 

and  hereditary  and  conjugal  relations,  relations  in  animals  and  in 
plants,  relations  of  definite  structural  features  and  complex  prop- 
erties.    The  results  are  given  in  Table  XI.     They  show  that  the 
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median  ratio  method  gives  results  as  close  to  the  unlike-signs  method 
as  does  the  Pearson  method.  The  reader  who  will  examine  Table 
XI.  in  connection  with  the  original*  correlation  tables  in  Biometrika 

il-Hj   m-ss     si-if         ii-(os 


KJ> 


Fig.  7. 

will  find  also  that  where  the  Pearson  CoeflBcient  r  and  the  Median 
Ratio  r  diverge  at  all  widely  it  is  the  latter  which  better  fulfils 
Pearson's  criterion  of  telling  how  much  nearer  the  most  probable 
value  of  a  second  member  of  a  pair  is  to  the  value  of  the  first  mem- 
ber than  it  would  be  with  no  relationship  at  all. 


TABLE   XI. 


Vol.  Page 
I.,  84 
I.,  126 


Mutual  BeUtionthip 
By 
PeanoD 
N      Coef. 


2000     .2853 


I.,  214 

I.,  216 

II.,  97 

II.,  97 

II.,  163 

II.,  498 

III.,  170 


Pistils 
Length 


Stamens 
Width 


373 
3000 


.7489 
.4016 


Traita  to  be  Related 

Longevity  of  adult  brothers 

No.  of  stamens  with  No.  of  pistils  in 

late  flowers  of  Ficaria  ranunculoides 

Human  head  length  with  head  width 

Human    height    with    left    middle 

flnger  length 

Capsule   height   of   brother   plants 

(Shirley  poppies) 

Stigmata  of  brother  plants  (Shirley 

poppies ) 

No.  of  stamens  with  No.  of  pistils  in 

lesser  celandine  from  Surrey 

Longevity  of  husband  with  longev- 
ity of  wife.    Friends'  records 

Cephalic  index  of  brothers 
Average  difference  of  r  by  Pearson  Coefficient  from  r  by  cos  tU 
Average  difference  of  r  by  Median  Ratio  from  r  by  cos  wU  .046. 

'  These  examples  are  all  taken  from  the  first  three  volumes  of  Bionietrika, 
the  *  Vol.*  and  *  Page '  of  the  table  referring  to  that  journal. 


Height      L.M.F.      3000  .6608 

13800  .3782 

4716  .2561 

Pistils      Stamens     500  .6601 


Husband  Wife 


935     .1909 
1962     .49 
.055. 


Me<nan  Co«fii« 

Ratio  wU 

.479  .3763 

.80  .7815 

.415  .3875 

.69  .6747 

.48  .5030 

.253  .2160 

.55  .5570 

.41  .2560 

.53  .5090 
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§  6.     The  Presuppositions  of  Measures  of  Relationship 
The  Pearson  Coefficient. 

Taken  at  its  mere  face  value,  — z=z^—-L^=^  or  _    ^   ,  the  Pearson 

CoeflScient  has  of  course  no  presuppositions,  but  if  it  means  the 
proportion  that  the  ^{xy)  is  of  what  it  would  be  with  perfect  corre- 
lation it  presupposes  sameness  of  form  of  distribution  in  the  two 
series.  If  it  means  the  proportion  which  the  slope  of  a  certain 
straight  line  is  of  the  slope  of  the  line  of  perfect  correlation,  the 
certain  line  being  so  drawn  that  the  sum  of  the  squares  of  the 
divergences  from  it  of  the  given  y  values  (in  double  entry)  toward 
greater  correlation  equals  the  sum  of  the  squares  of  those  toward 
less,  it  presupposes  the  *  normal'  distribution  in  the  case  of  both 
series. 

The  Median  Ratio, 

The  Jledian  Ratio  need  have  no  presuppositions.  It  is  simply 
one  of  the  obtained  individual  relationships.  When,  however,  we 
come  to  draw  inferences  from  it  about  the  entire  series  of  relation- 
ships, we  must  state  certain  additional  facts  or  use  certain  presup- 
positions. 

The  Modal  Ratio  and  the  Percentage  of  Like-signed  or  of  Un- 
like-signed  pairs  are  also  directly  drawn  from  the  series  of  indi- 
vidual relationships  themselves.  In  calculating  the  general  trend 
of  relationship,  r,  from  r  =  cosine  irTJ  ( TJ  being  the  per  cent,  of  un- 
like-signed  pairs)  we  presuppose  (if  I  understand  Mr.  Sheppard  cor- 
rectly) that  the  correlation  surface  is  transformable  into  a  surface 
of  revolution  by  a  slide  and  two  stretches. 

§  7.     The  Advantages  of  the  Different  Measures 
The  two  previous  sections  are  preliminary  to  the  main  topic 
which  forms  the  title  of  this  section. 

I  shall  first  compare  the  conventional  measure,  the  Pearson  CoeflS- 
cient, with  the  Median  Ratio  and  later  deal  very  briefly  with  some  of 
the  other  measures. 

The  main  desiderata  in  any  measure  are  that  it  measure  some 
real  fact  and  that  this  fact  be  important.  Other  desiderata  in  the 
case  of  a  measure  of  relationship  are  that  the  measure  be  comparable 
with  other  measures  of  other  relationships,  that  it  be  conveniently 
and  easily  calculated  and  that  it  diverge  little  from  the  correspond- 
ing measure  of  the  total  series  from  a  random  sampling  of  which 
it  is  calculated.    These  desiderata  we  will  consider  in  the  above  order. 

Reality, 

The  Median  Ratio  is  a  clear  statement  of  a  real  fact,  an  observed 
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relationship,  such  that  the  number  of  relationships  closer  than  it 
equals  the  number  less  close.  It  gives  the  amount  of  y's  difference 
from  its  central  tendency  implied  by  such  difference  in  x  for  this 
mid-case. 

The  Pearson  r  is  not  an  observed  relationship  but  a  measure  in- 
ferred from  certain  features  of  the  observed  relationships  on  the 
basis  of  certain  presupx)ositions  about  them  and  the  distribution 
of  the  facts  from  which  they  come.  It  is  of  course  real  in  the  sense 
of  being  the  most  probable  real  central  tendency  of  the  relationships 
if  these  various  presuppositions  are  true,  but  in  fact  they  never  are 
except  by  chance  more  than  approximately  true,  and  in  the  majority 
of  the  cases  in  which  students  of  the  mental  and  social  sciences  need 
to  measure  relationships,  they  are  far  from  true. 

The  'regression,'  that  is  the  relation  between  actual  amounts  of 
1/  and  actual  amounts  of  x,  is  the  reality  at  the  basis  of  all  measures 
of  the  relationship.  The  Median  Ratio  expresses*  it  directly.  It  can 
be  ascertained  from  the  Pearson  r  only  indirectly  and  on  the  hypoth- 
esis that  certain  very  questionable  conditions  are  realized. 

Importance  of  the  Fact  Measured, 

There  is  no  great  advantage  either  way  in  this  respect.  Neither 
the  Pearson  Coefficient  nor  the  Median  Ratio  gives  the  entire  fact 
of  the  relationship.  Only  the  total  distribution  of  the  relationship 
does  that.  For  'normal'  correlation  where  the  relationship  is  the 
same  regardless  of  the  amount  of  x  and  where  all  of  the  arrays 
are  distributed  in  normal  surfaces  of  frequency  the  Pearson  Coeffi- 
cient and  the  Median  Ratio  both  give  the  central  tendency  of  the  rela- 
tionship. In  other  cases  than  this  the  Median  Ratio  is  a  trifle  more 
important  because  less  misleading  and  because  it  is  nearer  the  modal 
relationship  if  the  distribution  of  the  relationship  is  skewed. 

It  is  also  worthy  of  note  that  our  thinking  about  relationships 
should  for  practical  reasons  usually  be  in  terms  of  the  actual  y/x 
or  x/y  ratios,  that  is  the  'regressions,'  since  what  we  usually  need 
to  know  is  the  implication  of  some  actual  deviation  of  one  concern- 
ing the  related  deviation  of  the  other.  It  seems  better  then  to 
calculate  the  y/x  or  x/y  ratio  directly  and  when  necessary  to  infer 
the  r  (that  is  the  ratio  when  both  traits  are  reduced  to  an  equivalence 
in  variability  and  the  correlation  table  is  one  of  double  entry)  rather 
than  to  calculate  the  r  and  infer  the  y/x  or  x/y  ratio. 

Comparability, 

To  compare  the  relationship  between  A  and  B  with  that  between 
C  and  D  adequately,  we  must  compare  the  total  distribution  of  the 
relationship  A  —  B  with  the  total  distribution  of  the  relationship 
C  —  D,     The  Pearson  Coefficients  of  A  —  B  and  C  —  D  are  per- 
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fectly  fit  to  compare  only  when  the  form  of  distribution  of  the 
relationship  A  —  B  is  the  same  as  that  of  the  relationship  C  —  D. 
So  also  of  the  median  B/A  and  median  D/C,  or  of  the  median 
A/B  and  median  C/D,  or  of  any  measure  of  the  central  tendency 
of  relationship  which  may  be  inferred  from  them.  In  so  far  as  what 
we  wish  to  compare  is  the  modal,  relationship,  however,  there  is  a 
smaller  error  as  a  rule  in  inferring  from  the  comparison  of  the 
Median  Ratios  of  unlike  distributions  of  relationships  than  in  in- 
ferring from  the  comparison  of  their  Pearson  Coefficients. 

Convenience  of  Calculation. 

Provided  the  original  measures  are  on  a  sufficiently  fine  scale, 
as  they  ought  for  every  reason  to  be  where  relationships  are  to 
be  measured  by  a  Pearson  Coefficient  or  a  Median  Ratio  or  a  Modal 
Ratio,  the  Median  Ratio  is  of  course  far  more  convenient  than  the 
Pearson  Coefficient.  Once  a  correlation  table  is  written  out  the 
Median  Ratios  can  be  obtained  with  very  little  computation  or  eye 
strain.  Inspection  of  the  correlation  table  will  tell  about  what  they 
will  be  and  only  a  few  of  the  ratios  will  need  to  be  ranged  in  order. 
I  append  a  sample  calculation  (Fig.  8). 

First  one  makes  an  exact  median  sectioning  of  the  x's  and  the 
y's  and  then  counts  the  cases  that  give  negative  ratios. 

By  inspection  one  then  chooses  for  the  y/x  ratios  an  approximate 
median  (here  of  about  .25)  and  for  convenience  draws  a  line  to 
include  these  cases  and  counts  them.  One  then  increases  their 
number  by  adding  the  cases  of  the  next  smallest  ratios  not  included 
or  by  taking  away  the  cases  of  the  largest  ratios  included  until  one 
reaches  the  Median  Ratio  (here  .333).  One  then  repeats  the  process 
oc  guessing  at  an  approximate  median  for  the  y/x  ratios  and  cor- 
recting it. 

In  making  comparisons  on  the  basis  of  the  median  ratios  we 
must  of  course  bear  in  mind  the  variabilities  of  our  A,  B,  C  and  Z). 
In  the  Pearson  Coefficients  the  series  concerned  are  reduced  to  an 
equivalence  in  variability  in  the  process  of  calculation.  With  the 
Median  Ratios,  if  we  wish  to  make  this  reduction  to  terms  of  the 
variability  as  a  unit  we  must  do  it  as  a  separate  operation.  For 
instance  let  A,  J5,  C  and  D  be  series  with  variabilities  1,  2,  4  and  5. 
If  then  the  Median  Ratios  found  are 

B/A  =  1.00,    A/J5  =  .25,    Z)/C  =  .625    and    C/B  =  M, 
the  Median  Ratios  that  would  be  found  if  the  differences  in  varia- 
bility were  eliminated  would  be  B/A -f- 2/1,  A/J5-f-l/2,  etc.,  that 
is  .50,  .50,  .50  and  .50.     If  we  wish  to  compare  the  mutual  implica- 
tion of  A  and  B  with  the  mutual  implication  of  C  and  D  we  must 

7>     var  A 
(TO  further  still  and  combine  the  median    ~  —  '  _  with  the  median 

A    var.  B 
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Comparison  is  thus  more  awkward  with  the  Median  Ratios  than 
with  the  Pearson  CoeflSeients,  because  the  latter  method  automat- 
ically both  divides  through  by  the  variability  and  gets  a  measure  of 
mutual  implication.  The  superiority  of  the  Pearson  CoeflSeients  is 
to  some  extent  specious  for  it  makes  comparison  easy  not  by  re- 
moving difSculties  but  by  presupi)osing  that  they  do  not  exist.  The 
obvious  additional  steps  needed  in  the  case  of  comparison  of  Median 
Ratios  witness  and  emphasize  the  hypotheses  on  the  basis  of  which 
we  do  compare.  They  may  also  prevent  us  from  inadequate  -com- 
parison. For  instance  from  the  facts  that  the  Pearson  r  for  adult 
brother's  longevity  with  adult  brother's  longevity  is  .2853  and  that 
the  Pearson  r  for  stature  with  left  middle  finger  length  is  .6608,  we 
have  no  right  to  conclude  that  the  latter  relationship  is  2.3  times 
as  close.  Any  one  who  will  study  the  individual  relationships  in 
these  two  cases^  will  see  that  no  single  ratio  can  express  the  com- 
parison of  the  two  relationships. 

Speed  of  Calculation. 

Once  the  correlation-table  is  written  out  the  Median  Ratio  can  be 
calculated  in  from  one  tenth  to  one  hundredth  of  the  time  taken  for 
the  Pearson  Coefficient. 

Divergence  of  Results  Obtained  from  a  Partial  Sampling  from  the 

Results  from  the  Entire  Series  Sampled. 

The  Pearson  CoeflScient  is  for  normal  correlation  by  the  theory 
of  error  the  more  reliable.  Whether  in  the  actual  cases  of  relation- 
ship with  which  we  work,  where  the  distributions  and  correlations 
are  not  exactly  normal  and  where  the  theory  of  error  does  not  apply 
without  modification,  it  is  more  reliable,  is  a  matter  to  be  determined. 
Its  use  of  the  exact  amount  of  every  case  of  the  relationships  makes 
for  superior  reliability,  but  its  weighting  of  extreme  cases  may  some- 
what conterbalance  this. 

The  reason  given  by  Professor  Pearson  for  replacing  Oaltoi^'s 
method  of  obtaining  the  Median  Ratio  by  this  product-moment 
method  was  this  superior  reliability.  No  other  reason  has  so  far 
as  I  am  aware  ever  been  advanced.  It  is  doubtful  if  Professor 
Pearson  now  would  lay  so  much  stress  on  greater  reliability  in  the 
case  of  normal  correlation  of  normal  distributions,  since  he  has  so 
emphatically  shown  the  rarity  of  both  of  these,  and  has  been  at 
some  pains  to  test  empirically  certain  measures  which  are  valid  re- 
gardless of  the  normality  of  distribution  of  the  two  facts. 

Since  in  almost  every  other  respect  the  Median  Ratio  is  a  more 
advantageous  measure,  it  seems  w^orth  while  to  determine  empir- 
ically, for  some  typical  relationships,  the  comparative  freedom  from 

» See  Biometrika,  Vol.  I.,  p.  84,  and  Vol.  I.,  p.  216. 
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chance  error  of  it  and  of  the  Pearson  Coefficient.  I  have  also  tested 
the  influence  of  the  number  of  cases  on  the  per  cent,  of  unlike- 
signed  pairs  (which  I  have  called  U)  because  at  least  for  pre- 
liminary investigations  of  mental  and  social  relationships  the 
formula  r^  cosine  vV  (where  J7  =  the  per  cent,  of  unlike-signed 
pairs,  deviations  being  calculated  from  an  exact  median  sectioning, 
with  no  zero  deviations)  will  often  possess  great  advantages. 

The  accuracy  with  which  the  Pearson  r,  the  Median  Ratio  and 
the  cosine  vU  calculated  from  a  random  sampling  of  a  series  of 
individual  relationships  approximate  the  true  r,  the  true  Median 
BatiOy  and  the  true  cosine  vU  of  the  entire  series  was  experimentally 
determined  in  the  case  of  the  series  A,  B  and  C  (shown  in  Tables 
IX.,  XII.  and  XIII.).*  These  reliabilities  could,  I  suppose,  be 
calculated  by  theory  for  any  given  series  of  relationships  but  it 
seemed  wise  to  determine  them  also  by  experiments  with  real  cases. 
In  calculating  the  results  for  each  draw  of  200,  100  or  of  50  cases 
the  deviations  were  reckoned  always  from  the  true  central  tend- 
encies of  the  total  series,  not  from  the  obtained  central  tendencies  of 
the  draw  itself.  This  saves  much  time  and  introduces  no  error 
relevant  to  the  problem.  The  Median  Ratio  was  taken  simply  as 
the  observed  ratio  of  which  it  was  a  case.  That  is,  if  the  distribu- 
tion of  ratios  was : 

Less  than  1.00  —  49 

1.00  —  12 

over  1.00  —  39, 

the  Median  Ratio  would  be  taken  as  1.00.  If  one  took  as  the  Median 
Ratio  the  average  of  this  observed  ratio  and  the  ratio  halfway  be- 
tween the  40  and  60  percentiles,  the  divergences  for  the  Median 
Ratio  would  be  reduced.  The  results  are  given  in  Table  XIV.  In 
ever>'  case  the  Median  Ratio  means  the  median  of  all  the  ratios 
{y/x  and  x/y),  the  two  series  being  reduced  to  an  equivalence  in 
variability. 

The  relationships  as  calculated  from  the  entire  series  are: 


Series  A 

Series  B 

:  Series  C 

Pearson  Coeflicient 

.51 

.27 

.73 

iMedian  Ratio 

.60 

.33 

.83 

Cosine  wU 

.61 

.30 

.79 

It  is  clear  from  Table  XIV.  that  if  iV  is  as  great  as  100,  there  is 
no  jrreat  loss  in  precision  from  the  use  of  the  Median  Ratio  method 
or  even  of  the  unlike-signed  pairs  method. 

*  Table  IX.  is  on  page  19. 
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TABLE   XIV. 

Average  Diveboeitce  of  Obtained  fbom  True  Measube  or  Relationship^ 

(Figures  in  parentheses  give  the  ranks  of  the  three  methods  in  freedom 
from  chance  error.) 


Series  A 

No.  of 
Trials 

No.  of 
Cmm 

Peanon 
Coefflcieot 

Median  Ratio 
(l>oable-6otr7) 

Cosine  irt; 

10 

200 

.039(1) 

.063  (2) 

.05S(3) 

10 

100 

.065  (2) 

.062(1) 

.101  (3) 

10 

60 

.100  (1) 

.155  (3) 

.136  (2) 

Series  B 

5 

200 

.064  (2) 

.063  (1) 

.082  (3) 

5 

100 

.106^3) 

.072  (1) 

.076  (2) 

10 

60 

.163  (1) 

.192  (2) 

.197  (3) 

Series  C 

3 

200 

.044  (2) 

.072  (3) 

.013  (1) 

3 

100 

.032  (1-2) 

.050  (3) 

.032(1-2) 

5 

60 

.119  (2) 

.120  (3) 

.077(1) 

The  Advantages  of  Certain  Other  Measures. 

The  Average  Ratio  has  no  advantage  over  the  Median  Ratio  and 
suflfers  from  the  disadvantage  of  taking  an  enormous  amount  of 
time  and  being  influenced  so  much  by  extreme  ratios.  No  experi- 
enced worker  with  relationships  would  favor  its  use. 

The  Modal  Ratio  is  in  some  respects  the  most  important  single 
feature  of  the  entire  series  of  relationships,  and  is  probably  a  better 
basis  of  comparison  between  different  relationships  when  either  is 
not  normally  distributed  than  the  Pearson  Coefficient  or  the  Median 
Ratio.  The  observed  Modal  Ratio  from  a  small  sampling  diverges 
so  much  from  the  true  Modal  Ratio  of  the  total  series,  however,  that 
it  can  not  be  well  used  alone  unless  the  number  of  ratios  is  500  or 
more.  The  scale  should  also  be  fine.  The  most  probable  true 
Modal  Ratio  inferred  from  a  large  part  of  the  total  distribution  of 

'  It  is  hardly  worth  while  to  compare  the  empirical  divergences  of  Table 

XIV.  for  the  Pearson  Coefficients  with  the  divergences  to  be  expected  from  the 

.7979(1  — r") 

formula  A.D.  tmer-obuinedr  =  T" >  ^^^  tWs  formula,  calculated   for 

y/n 

*  normal '  correlation,  would  not  be  expected  to  fit  very  closely  any  of  the  three 

sets,  Ay  B  and  C,  or  to  fit  C  at  all  closely.    A  certain  interest  does  attach  to  the 

.7979(1— r") 

comparison  from  the  fact  that  the  formula  A.D.  tme  r-obuined  r   =   - 

y/n{l  -hr") 
has  also  been  proposed  as  the  valid  one.    So  far  as  my  drawings  go,  the  former 
is  surely  the  better.     They  vary  from  it,  moreover,  with  a  constant  deviation 
toward  a  larger  divergence,  the  divergences  by  theory  being: 


Series  A 

Series  B 

Series  C 

.042 

.053 

.027 

.059 

.074 

.038 

.083 

.106 

.064 
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the  relationship  is  a  very  valuable  measure  but  one  the  calculation 
of  which  takes  a  long  time  and  involves  presuppositions  about  the 
form  of  distribution  of  the  relationship. 

In  all  cases  the  investigator  of  a  relationship  should  be  observ- 
ant of  the  form  of  distribution  of  the  individual  relationships  and 
of  their  approximate  mode.  Where  the  correlation  table  shows  any 
marked  eccentricity  in  the  distribution  of  the  relationships  the  ob- 
served modal  relationship  at  least  should  probably  be  stated,  even 
though  the  more  reliable  Median  Ratio  or  Pearson  Coefficient  has 
been  calculated. 

The  correlation  (in  the  sense  of  the  slope  of  the  line  which  the 
Pearson  CoeflScient  measures)  may  be  inferred  from  the  frequencies 
of  certain  types  of  pairs,  as  in  the  case,  r  =  cos.  vTJ  {V  equalling 
the  percentage  of  unlike-signed  pairs  with  median  sectioning) . 

The  methods  of  making  this  inference  are  especially  valuable 
when  we  wish  to  compare  two  relationships,  one  (or  both)  of  which 
is  measured  very  crudely,  for  instance,  the  relation  between  health 
and  cheerfulness  and  the  relation  between  intellect  and  morality. 
From  such  measures  as  the  following : 


Health 

Intellect 

Sicklj             Healthj 

Dull               Bright 

;,  9  Much 

150                 150 

j^  Inferior 

315                 285 

e|  Little 

250                 450 

'^C  Superior 

145                 265 

one   can   not   compare    directly   the   closeness   of   relationship   of 
health  and  cheerfulness  with  that  of  intellect  and  morality. 

The  following  formulas,  suggested  by  Pearson,  are  probably  the 
best  available  for  dealing  with  such  cases.      In  all  N^=  the  total 


a 


I 


Fig.  9. 

number  of  pairs;  a,  b,  c  and  d  mean  respectively  the  numbers  of 
^i!/i»  ^22/i>  ^il/a  and  X2y2  pairs  where  Xi  means  measures  above  any 
given  degree  of  x  and  Xj,  measures  below  it,  and  similarly  for  y^  and 
y,  (see  Fig.  9). 
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I.    r  =  am  ;=    ,_  where    Ir  • 


^l/r+1^  (ad-6c)'(a  +  d)(6  +  c)' 


II.    r  «  sin 


2  ^  26cJV 


(ad-6c)(6  +  c) 
cases  being  so  chosen  that  od  >  be. 


III.  r  8  Bin 


2  v^od  +  \/be 


^^-    4to=^  +  ^**  +  ^(*""^)^*^"^> 


+  ^A(A"-3)ife(ifc*~3),  etc 


Since 
and 


(.^»-(.^.).^jrv»-.., 


h  and  A;  are  found  from  tables  of  the  probability  integral,  a,  6,  c 
and  d  being  known. 

-H"  is  taken  as  -—=■-  e"^** 
l/2^ 

l/2^ 

jff  and  K  are  thus  found  from  tables. 

Of  these  formulas  IV.  is  for  *  normal'  correlation  the  most  ac- 
curate.    It  presupposes  *  normal'  correlation;  I.,  II.  and  III.  do  not. 

When  the  facts  to  be  related  are  measured  on  a  fine  scale  but  in 
terms  of  relative  position  only,  not  of  amount,  the  relationship  may 
be  measured,  as  Spearman  has  shown,  by  the  degree  of  conformity 
of  the  second  member's  position  to  that  of  the  first  member.*  This 
method  suflfers  from  the  disadvantage  of  giving  results  only  with 
much  difiBculty  comparable  with  other  methods  and  of  taking  much 
more  time  without  being  much  more  reliable  than  the  cosine  vU 
method. 

From  the  reduction  in  variability  of  an  array  of  y  related  to  a 
given  value  of  x  below  the  variability  of  the  total  series  of  y,  the 
correlation  may  be  inferred  on  the  supposition  that  the  correlation  is 
'norinar  and  that  the  variabilities  of  all  arrays  of  y  are  equal. 

The  infrequency  of  *  normal'  correlation  and  the  fact  that,  as 

^  See  American  Journal  of  Psychology^  Vol.  XV.,  p.  86  ff. 


MEASUREMENTS   OF   RELATIONSHIPS  35 

shown  in  §  4,  the  variabilities  of  all  arrays  of  y  are  usually  7iot  equal 
make  this  method  of  no  great  practical  service  except  for  the  few 
cases  where  no  better  method  can  be  used.  * 

Section  4  tested  the  hypothesis  of  equal  variability  of  all  arrays 
of  y  and  found  it  true  in  some  cases  and  false  for  others.  It  is  some- 
what extraordinary  that  Professor  Pearson  should  in  support  of  his 
coefficient  of  variability  argue  that  the  gross  variability  depends 
on  the  size  of  the  mean  from  which  the  variability  is  measured,  be- 
ing proportioned  to  it,  and  yet  not  recognize  that,  since  the  means 
of  the  arrays  of  y  in  positive  correlation  would  then  increase  as  we 
pass  from  arrays  related  to  low  values  of  a;  to  arrays  related  to  high 
values  of  x,  the  variability  of  one  of  the  latter  arrays  should  be 
greater  than  that  of  one  of  the  former. 

§8.     The  Attenuatio7h  of  Measurements  of  Relationship  • 

Chance  inaccuracies  in  the  original  measures  make  the  relation- 
ship obtained  therefrom  vary  toward  zero  from  the  relationship  that 
would  be  found  with  accurate  measures.  C.  Spearman  announced 
in  the  American  Journal  of  Psychology,  Vol.  XV.,  pp.  89-91,  that 
the  following  formulas  gave  the  necessary  correction: 


(1) 


Vff' 


where  r^^=the  mean  of  the  correlations  between  each  series  of 
values  obtained  for  p  with  each  series  obtained  for  q ; 
rpfj/= the  average  correlation  between  one  and  another  of 
these  several  independently  obtained  series  of  values 
of  p; 
r^^=the  same  as  regards  g; 
and  rp,=  the  required  real  correlation  between  the  true  objective 
values  of  p  and  q, 

ym  .  n  —  1 

where  m  and  n  =  the  number  of  independent  gradings  for  p  and  q 
respectively ; 

1  Cases,  that  is,  where  we  know  the  variability  of  a  related  array  but  lack 
the  data  needed  for  the  use  of  the  better  methods.  For  instance,  we  may  find 
the  variability  of  100  men  eminent  in  engineering  science  in  early  liking  for 
arithmetic  to  be  only  30  per  cent,  as  great  as  the  variability  of  men  in  general 
and  so  infer  the  amount  of  relationship  between  early  liking  of  arithmetic  and 
engineering  ability.  The  actual  rating  of  a  random  sampling  of  men  in  both 
early  liking  for  arithmetic  and  engineering  ability  would  be  hardly  possible. 


36  EMPIRICAL   STUDIES   OF   MEASUREMENT 

r^^  =  the  mean  correlation  between  the  various  grad- 
ings  for  p  and  those  for  q ; 
and  fp/^/^the  correlation  of  the  amalgamated  series  for  p 
with  the  amalgamated  series  for  q. 
He   has  been   criticized   with   some   venom   by   Karl   Pearson 
(Biometrika,  Vol.  III.,  p.  160),  who  believes  these  formulas  wrong, 
and  concludes  that  '^  Perhaps  the  best  thing  at  present  would  be 
for  Mr.  Spearman  to  write  a  paper  giving  algebraical  proofs  of  all 
the  formulas  he  has  used,  and  if  he  did  not  discover  their  erroneous 
character  in  the  process,  he  would  at  least  provide  tangible  material 
for  definite  criticism,  which  it  is  difficult  to  apply  to  mere  unproven 
assertions.'' 

These  formulas  of  Spearman's,  if  correct,  are  of  importance. 
They  should  be  proved  valid  or  replaced  by  formulas  that  are  valid. 
The  first  formula  may  be  replaced  by 

rpg  =  ly^ 


where  rpg  and  Vj/g*  are  as  above  and 

o-^  =  the  mean  square  deviation  of  the  series  of  measures  of  p ; 

Cg,  =  the  mean  square  deviation  of  the  series  of  measures  of  q ; 

<rq,/  =  the  mean  square  deviation  of  the  different  measures  of  p  in 

the  same  individuals ; 
o-e^  =  the  mean  square  deviation  of  the  different  measures  of  q  in 
the  same  indivduals.^ 

The  presupposition  of  this  formula  and  of  Spearman's  first 
formula  is,  that  the  attenuation  is  due  to  chance  errors.  Dr.  Clark 
Wissler  has  called  attention  to  the  fact  that,  where  practise,  fatigue 
and  other  constant  influences  help  to  cause  the  different  observations 
of  a  fact  to  vary,  these  formulas  will,  therefore,  give  inaccurate 
results.^ 

Of  these  two  formulas.  Spearman's  possesses  the  advantage  of 
being  usable  in  cases  where  the  two  traits  are  not  measured  in  units 
of  amount,  such  as  allow  the  variabilities  of  the  two  traits  to  be 
calculated;  the  formula  of  Boas  has  the  advantage  of  being  more 
rapid  and  convenient  in  cases  where  the  variabilities  of  the  two 
traits  can  be  calculated. 

No  active  attention  has  so  far  as  the  writer  knows  been  yet  given 
to  formula  (2)  above.*    Practical  necessity  seems  to  justify  the  labor 

*  This  forinula  is  due  to  Professor  Franz  Boas.  See  also  the  note  by  Dr.  C. 
Wissler  in  Science,  Vol.  XXII.,  p.  30&ff. 

'  Loc.  cit.  in  note  1. 

'  Spearman's  second  formula  has  the  advantage  of  measuring  the  probable 
true  correlation  by  the  actual  changes  produced  in  the  obtained  *  raw  *  correlation 
by  a  certain  increase  in  accuracy.  The  nature  and  validity  of  the  presupposi- 
tions upon  which  it  is  based  I  am  not  competent  to  discuss. 
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of  testing  it  (and  in  a  measure  the  first  formula  also)  inductively. 
This  I  have  done  to  some  extent  for  values  of  r  where  the  r's  from 
accurate  measures  are  from  .70  to  .80  in  connection  with  my  'Meas- 
urements of  Twins'  (Archives  of  Philosophy,  Psychology  and  Scien- 
iific  Methods,  No.  1,  September,  1905). 

I  had  records  from  50  pairs  of  twins  in  5  tests  of  efl&ciency  of 
perception;  (1)  in  marking  A's  on  a  sheet  of  printed  capitals,  (2) 
in  marking  A's  on  a  second  sheet  of  printed  capitals,  (3)  in  mark- 
ing words  containing  e  and  r  on  a  page  of  Spanish,  (4)  in  marking 
words  containing  a  and  t  on  a  page  of  Spanish  and  (5)  in  marking 
misspelled  words  on  a  page  of  narrative,  100  of  whose  words  were 
misspelled.  I  had  also  6  tests  in  efficiency  of  controlled  association, 
tests  6  and  7  being  addition,  8  and  9  being  multiplication  and  10 
and  11  being  writing  the  opposites  of  two  lists  of  words. 

If  we  combine  all  5  of  the  tests  of  efficiency  of  perception  allow- 
ing approximately  equal  weight  to  each,  we  have  a  measure  which 
is  presumably  close  to  the  true  measure  of  a  child's  capacity  at  a 
certain  day  and  hour  to  pick  out  small  details  efficiently.  The  cor- 
relation between  twin  and  twin  is  for  this  combined  score  .697. 
Similarly  the  combined  measure  for  addition,  multiplication  and 
opposites  gives  a  measure  presumably  close  to  the  true  measure  of  a 
child's  ability  at  a  certain  day  and  hour  to  make  proper  mental 
connections.  The  correlation  between  twin  and  twin  is  .815.  The 
.697  and  .815  are  presumably  only  slightly  below  the  true  r's. 

Now  the  correlations  for  twin  and  twin  in  tests  1-11  were  in 
order  .607,  .633,  .595,  .428,  .754,  .645,  .644,  .653,  .579,  .734  and  .560. 

Subjecting  these  values  to  correction  by  Spearman's  formulas, 
taking,  as  he  does,  the  mean  of  both  corrected  r's  I  obtained 
for  the  perception  tests:  Marking  A's,  true  r  =  .69;  marking 
letters  in  words,  true  r  =  .71;  misspelled  words,  not  corrected 
because  only  one  test  was  given.  The  Spearman  correction 
thus  produced  results  in  accord  with  the  expectation  derived  from 
the  value  r=.697  for  the  combined  mark.  For  the  association  tests 
I  obtained  after  correction:  Addition,  true  r  =  .75;  multiplication, 
true  r  =  .84 ;  opposites,  true  r  =  .90.  The  average  of  these,  .83,  is 
again  closely  in  accord  with  the  .815  from  the  combined  measure. 
In  both  cases  the  result  by  correction  is  slightly  higher  than  the 
result  empirically  obtained  from  the  more  accurate  data,  as  of 
course  it  should  be. 

I  have  made  a  test  ad  hoc  in  the  case  of  a  series  of  100  pairs 
drawn  at  random  from  Series  B  which  give  a  true  r  of  .281.  These 
100  pairs  of  accurate  measures  I  made  inaccurate  artificially.  I 
then  calculated  the  r's  obtained  from  such  inaccurate  measures, 
applied  the  Spearman  formulas  and  in  so  far  tested  their  validity. 
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Special  precautions  were  taken  to  have  the  errors  artificially  in- 
duced in  the  200  measures  such  as  would  come  in  reality  from 
variable  errors  of  apparatus,  observation  and  record.  The  errors 
were  in  fact  a  random  sampling  of  the  errors  actually  made  by  a 
psychologist  in  estimating  areas.  A  series  of  121  rectangles  of 
approximately  the  same  shape,  40,  41,  42  .  .  .  160  sq.  cm.  with 
also  many  duplicates  were  used.  The  area  of  each  was  estimated, 
the  slips  being  drawn  in  a  random  order,  and  the  error  +  or  — 
from  the  true  area  was  recorded.  The  errors  used  by  me  were 
those  made  after  from  3  to  5  trials  with  the  series  and  were  little  in- 
fluenced by  practice  (the  sums  of  the  errors  regardless  of  signs  were 
for  successive  repetitions  of  the  series  605,  614,  563,  613,  587,  637, 
531,  542,  578,  581).  I  used  the  deviation  from  the  standard  if  the 
constant  error  for  the  given  area  was  less  than  1  sq.  cm.  and  the 
approximate  deviation  from  the  subject's  own  average  judgment 
if  the  constant  error  was  over  1  sq.  cm.  The  errors  taken  were 
those  (10  in  each  case)  made  with  areas  43  sq.  cm.  up  through  122 
sq.  cm.,  four  errors  being  taken  for  each  of  the  200  accurate  meas- 
ures. These  errors  were  assigned  to  the  accurate  measures  so  that 
the  magnitude  of  the  area  with  which  the  error  of  estimation  was 
made  corresponded  roughly  to  the  magnitude  of  the  measure  to 
which  the  error  was  assigned.  Thus  errors  from  areas  43-53  would 
be  put  with  measures  —  27,  —  25,  —  23  and  the  like,  and  errors  from 
areas  110-122  would  be  put  with  measures  -f  17,  -f  19,  -f  27  and 
the  like.  The  true  measures  and  the  errors  assigned  to  each  are 
given  in  Table  XV. 

If  now  to  each  true  measure  is  added  (regarding  signs)  its  as- 
signed error,  we  have  (four  errors  having  been  assigned  to  each) 
four  series  of  inaccurate  measures  of  two  series  whose  true  values 
and  true  correlation  are  known.  These  facts  give  the  data  for  test- 
ing the  Spearman  formulas.^ 

^  These  errors  can  of  course  be  used  with  any  series  of  400  or  less  measures 
to  test  Spearman's  formulsp,  as  I  have  done  for  this  series  (r=  .281  of  Series  B) . 
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TABLE 

XV. 

Tmex 

Errors  AMigned 

Truey 

Errors  Assigned 

a       -19 

—  3 

4-  2 

—  4 

—  2 

a       —11 

—  2 

—  4 

—  4 

+  5 

b       -17 

—  2 

+  5 

—  1 

—  4 

b       —  1 

+  12 

—13 

—  9 

—  7 

c       —15 

4-9 

4-  4 

0 

+   1 

c       —27 

+  7 

+  2 

—  4 

—  3 

d      —15 

+  6 

—  2 

—  2 

—  3 

d      —  9 

0 

+  3 

—  8 

0 

etc.  —15 

—  3 

—  1 

—  1 

—  3 

etc.  +  3 

+  7 

+  7 

—  2 

—  3 

—15 

—  8 

4-  1 

4-  2 

+  2 

+  7 

+  3 

+10 

—  7 

+  7 

—13 

H-  1 

4-  0 

—  2 

—  3 

—11 

+  6 

—  5 

+  9 

0 

—13 

—  8 

4-  1 

—  1 

+  4 

—  3 

+  4 

+  3 

+  3 

+  6 

—13 

H-  1 

4-  2 

4-  1 

+  3 

+13 

+   1 

—  1 

—  1 

—  6 

—11 

+  1 

—  5 

+  11 

—  4 

—13 

—  4 

—  3 

+  7 

—  5 

—11 

—  2 

0 

—  0 

+  4 

—  5 

+  7 

—  4 

+  2 

+  4 

—11 

0 

—  2 

0 

+  7 

—  5 

+  7 

—  1 

0 

—  6 

—11 

—12 

—  1 

0 

—  3 

—  3 

—  1 

—  6 

—  8 

—  9 

—  9 

—  9 

4-7 

+  9 

0 

—  6 

+  3 

0 

0 

+  9 

—  9 

+  13 

4-  8 

+  3 

—12 

—  3 

+  1 

—  1 

+  1 

+  6 

—  9 

+  2 

4-  1 

—  3 

+  2 

—  1 

—  9 

+  6 

—  5 

—  3 

—  9 

—  4 

—  1 

—  4 

—  3 

—  1 

—  5 

+  0 

+  3 

—  6 

—  9 

—  6 

4-  6 

+  4 

+  12 

+  5 

—  2 

+  3 

—  6 

+  2 

—  9 

—  3 

—  2 

—  2 

—  3 

+13 

—  8 

—  1 

+  0 

+  4 

—  7 

0 

4-  2 

—  2 

+  5 

—  1 

+  5 

—  5 

+  1 

—  6 

—  7 

—  2 

—  6 

+  3 

+  2 

+  7 

+   1 

+  2 

—  4 

+  3 

—  7 

H-  7 

4-  4 

+  5 

—  2 

+  9 

+  2 

—  5 

—  3 

—  5 

—  6 

—  6 

—  2 

—  -Z 

+  3 

—13 

+  1 

+   1 

+  4 

+  6 

—  6 

+  13 

—  4 

—  4 

+  3 

—  9 

—  6 

0 

+  3 

—  3 

—  6 

+  8 

—  3 

—  7 

0 

—  7 

—  6 

+  2 

—  2 

+  2 

—  5 

—  3 

4-  9 

—  4 

—  3 

—  7 

+  1 

+  3 

—  5 

+  2 

—  5 

—  7 

—  3 

—  5 

+  2 

—  3 

—  2 

+  0 

—  2 

—  7 

—  6 

+  7 

4-  2 

0 

—  1 

—  3 

+  7 

+  1 

+  4 

—  2 

—  5 

—  1 

4-  4 

0 

—  2 

—  3 

+  5 

+10 

—  5 

+  4 

—  5 

+  4 

—  2 

+  4 

—  3 

—  3 

—14 

+  6 

—  3 

—  5 

—  5 

+   1 

—  3 

—  3 

—  3 

—  3 

—  1 

—11 

—  3 

—  2 

—  6 

+  6 

4-  3 

—  3 

—  9 

+  13 

-3 

—  4 

+  3 

+11 

—  3 

+  3 

4-  7 

+  tt 

—  5 

—11 

+  11 

+  7 

—  2 

—11 

—  3 

+  7 

4-  3 

+  6 

—  2 

—  9 

+  5 

—  2 

—  3 

+  3 

—  3 

—  1 

—  7 

—  2 

—  7 

—  9 

—  0 

—  3 

—  5 

+  5 

—  3 

4-  3 

—  9 

+   A 

—  2 

—  7 

+  7 

—  4 

+  8 

+  7 

—  3 

+  3 

—  4 

+  3 

—  3 

—  5 

+  4 

+  4 

—  1 

+  3 

—  3 

0 

4-  2 

+  5 

0 

—  5 

+  6 

—  5 

—  4 

+  1 

—  3 

—  1 

—12 

—  5 

+  6 

—  5 

+  5 

—  9 

+  5 

—  3 

—  3 

—10 

+  2 

+  9 

+  2 

—  5 

0 

0 

—  5 

+  3 

—  3 

4-  1 

—  5 

+  4 

—  5 

—  1 

0 

+  4 

—  1 

—  3 

—  3 

4-  1 

4-  1 

0 

—  8 

+   1 

—11 

—  5 

+  12 

+  7 

—  3 

4-  5 

4-  5 

—  G 

0 

+  1 

—  2 

—12 

—10 

+  6 

—  3 

0 

—  3 

+  3 

0 

+   1 

+  13 

—  2 

+  « 

—  8 

—  3 

+  3 

4-  5 

+  3 

—  1 

+  5 

—  4 

+  11 

—  1 

—  6 

—  3 

—11 

+  6 

+  4 

—  9 

+  9 

+  5 

+  7 

—  1 

-11 

—  1 

4-  2 

—  6 

+  13 

—  1 

—  9 

—  6 

—  2 

—  1 

—  1 

—  1 

—  4 

4-  8 

+  7 

+  4 

—  5 

—  2 

+  4 

—  7 

+  1 

—  1 

4-  1 

—  8 

—  4 

—  7 

—  3 

+  4 

+  7 

—  2 

—  3 

—  1 

4-  2 

4-  8 

—  2 

+  2 

—  3 

—  1 

0 

+  12 

+11 
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TABLE   XV.  (continued) 


U6X 

Errora  Asiigned 

Trney 

Errors  AMigned 

I 

—    1 

—  9 

+  9 

—  1 

0 

+   1 

—  5 

+  6 

+  9 

+  3 

—    1 

+  8 

—  5 

+  6 

0 

+  3 

0 

+  1 

+  1 

0 

—    1 

+  1 

—  5 

—  5 

—  1 

+  5 

—  3 

+  1 

+  2 

—  3 

—    1 

+  2 

+  7 

—  1 

+  4 

+  7 

+  3 

—  2 

+14 

—  6 

+     1 

+  3 

—  5 

—  6 

0 

+17 

0 

+  4 

—  1 

—  8 

+    1 

—  6 

+  3 

—15 

—  2 

+11 

—13 

+  7 

4-  4 

+  1 

+    1 

+  1 

—  2 

+  6 

+  1 

+  11 

+  2 

—  4 

+  4 

+12 

+    1 

+  6 

+  8 

+  2 

0 

+  6 

+  7 

+  5 

+  4 

—  7 

-f    1 

+  1 

0 

+  2 

0 

+  1 

—  7 

—10 

—  9 

+  8 

H-  1 

+  1 

+  3 

+  2 

—  8 

+  1 

+  2 

+  6 

—  9 

—  3 

H-  1 

+17 

+  1 

—  9 

—  2 

+  1 

+  6 

0 

+  3 

+  7 

4-  1 

—  3 

+  4 

—  6 

—  6 

—  3 

—  9 

—  1 

+  4 

—  6 

+  1 

0 

+  7 

+  2 

+  4 

—  5 

+  3 

+  7 

—  1 

+  6 

4-  1 

—  2 

+  1 

+  7 

—  9 

—  7 

+11 

+  3 

—  2 

—  3 

+  1 

+  3 

—  6 

+  4 

—  1 

—  9 

—  1 

—  7 

—  2 

—  3 

+  1 

0 

+  3 

-5 

—  4 

—  9 

+  3 

—  1 

+  10 

—  8 

+  1 

+  5 

+  1 

+  6 

+  4 

—13 

—  6 

+  6 

+  6 

—  1 

+  3 

—  3 

—  9 

—  3 

+  6 

+  1 

—  4 

+  3 

—  3 

0 

4-  3 

+  1 

+  3 

+  1 

—  1 

+  1 

0 

—  3 

—  3 

—  2 

4-  3 

—  2 

—  3 

—  2 

—  2 

—  1 

+  4 

0 

0 

+  7 

4-  3 

+  7 

0 

+  3 

+  5 

—  5 

+  1 

—  2 

+  3 

—  2 

4-  5 

+  3 

+  2 

+  4 

—  1 

+11 

+   1 

—  1 

+  1 

+  2 

4-  5 

+  5 

+  3 

+  5 

—11 

+  5 

+  8 

—  2 

—12 

—  4 

+  5 

+  3 

+  2 

0 

—  9 

+  1 

+  7 

—  3 

+16 

+  4 

4-  5 

—  4 

—  8 

—  4 

+  3 

+   1 

—  1 

—  2 

—  2 

—  6 

4-  5 

+  10 

+  9 

—  2 

+  3 

—  7 

—  2 

—  7 

+  6 

+  6 

4-  5 

—  5 

—  5 

+  4 

+  3 

—  9 

+  1 

—  3 

—  4 

+  1 

4-  5 

+  10 

—  6 

—  8 

+  12 

—19 

+  2 

+  5 

+   1 

—  4 

H-  7 

—  6 

—  4 

+  2 

—  4 

+11 

—  4 

—  3 

—  8 

—  6 

H-  7 

+  5 

+10 

—  5 

—  3 

+  7 

+  7 

+  15 

—  7 

—  7 

4-  7 

—  2 

—  7 

+  2 

—  5 

+  5 

—  3 

—  3 

—  3 

+  14 

4-  7 

+  7 

+  1 

+  15 

—  1 

+  1 

+  2 

+  1 

—  4 

—  4 

H-  7 

—  8 

+  6 

—  6 

+10 

—  3 

—  2 

+  7 

+  3 

—11 

H-  7 

+  8 

—  7 

—10 

—  8 

—  5 

+  7 

—  2 

—  6 

—  4 

4-  7 

+  7 

+  6 

—  3 

—  4 

—  7 

+  5 

—  8 

—  5 

+  8 

+  0 

—10 

—  3 

+  1 

+  7 

+  9 

0 

—  3 

+  1 

+  6 

4-  9 

+  7 

+  15 

—  7 

—  7 

+  7 

+  3 

—  7 

+  6 

+  6 

4-  9 

+  3 

—  7 

+  6 

+  6 

+  3 

+  10 

—  3 

0 

—  4 

4-  9 

—10 

—  9 

+  6 

—  6 

+  1 

+  1 

—13 

—  2 

—  3 

-f  9 

+  7 

+  6 

—  3 

—  4 

—  5 

+  7 

+  6 

+  5 

—13 

4-  0 

—10 

—  3 

+  1 

+  7 

—  7 

—  1 

+  1 

—  6 

+  4 

4-11 

—  1 

0 

0 

+  4 

+  5 

—13 

+  4 

—  6 

+  6 

4-13 

+  10 

—  2 

0 

+  11 

+  13 

—  3 

—  6 

+  4 

0 

4-13 

—16 

—  5 

—  ft 

+11 

—11 

+  5 

—11 

0 

+  9 

+  15 

+  3 

—  6 

+  1 

—  5 

+  1 

0 

+  5 

+  1 

0 

+  17 

—  1 

+  3 

—  4 

+  8 

+  13 

—  1 

—  6 

+  2 

0 

+  17 

+  2 

+  5 

—  3 

—  4 

+  11 

+  7 

—  9 

—  1 

+  14 

+  17 

—  3 

+  6 

+  5 

—11 

+  1 

0 

+  7 

—  4 

—15 

+17 

+  3 

—  3 

+  3 

—  1 

+   1 

+  3 

—  2 

+  5 

—  3 

+25 

+  2 

—  1 

+  2 

+  2 

+  7 

—10 

—  9 

+  6 

—  6 
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Let  us  call  the  four  series  of  inaccurate  measures  obtained  with 
the  four  errors,  Xa,  Xb,  Xc,  Xd,  and  Ya,  Yb,  Yc,  Yd. 

Call  the  series  obtained  by  averaging  each  member  of  Xa  with 
its  correspondent  in  Xb,  Xab. 

Let  Xcd,  Yab  and  Ycd  have  similar  meanings. 

Call  the  series  obtained  by  averaging  each  member  of  Xa  with 
the  corresponding  Xb,  Xc  and  Xd,  Xabcd, 

Let  Yabcd  have  a  similar  meaning. 

We  have  then  4  very  inaccurate  measures  of  X  in  every  one  of 
the  100  pairs ;  so  also  of  Y.  We  have  two  less  inaccurate  measures 
or*  X  and  also  of  Y  in  each  pair.  We  have  one  still  better  measure, 
the  best  obtainable  from  our  data. 

We  may  then  calculate  the  corrected  r  according  to  Spearman, 
using  many  diflferent  combinations  of  the  r's  obtained  from  the 
above  series.  The  combinations  which  I  have  used  and  the  results 
follow  in  Table  XVI.^ 

The  correspondence  of  the  coeflScients  corrected  by  Spearman's 
formulas  with  the  actual  coeflScient  from  accurate  measures  is  satis- 
factory. 

TABLE   XVI. 


r„with,.           =.142 
rzhwixhgb           =.208 
r».«hhyft           =.083 

Tsa  with  ah 
Tya  with  9b 

=  .731 
=  .468 

n                 _ 

.289 

Vr„«.»»ry«».y» 

r«&«|thya             =.243 

ri(  the  average 
of  thefour)=.169 

»•«                  _ 

.277 

'>lrtnbw.mcdrfabw.tcd 

rxakwuhf^        =.212 
r«rfiHih,crf        =.221 

rr^mlthpcd          =.239 

TMft  with  zed 
rya&  with  yetf 

=  .803 
=  .717 

\l2.2(rMbw.9^)—ri 
^272-1           ~ 

.313 

rxcd  with  pab           =  .  1 70 

r,(  the  average 
of  the  four)  =.2105 

rjMbed  with  gahcd   =  .260 

I.  f . 

M2.2(r,)-r,           _ 
M2.2-  1 

Average  by  all  for- 
mulae 

Median  by  all  for- 
mulae 

.380 

.315 
.301 

r,                      =.260 

True  relationship 

.281 

§  9.    Minor  Advice  to  Students  of  Mental  and  Social  Relatiomships 

As  a  rule  nothing  should  be  taken  for  granted  about  any  relation- 
ship and  the  result  of  any  calculation  should  be  to  express,  not  to 
replace,  the  comprehension  of  a  fact  about  the  series  of  individual 
relationships. 

*  In  all  the  calculations  I  have  assumed  the  original  0  as  the  central  tend- 
ency from  which  to  reckon  deviation  values.  To  have  turned  each  of  the  200 
values  of  each  of  the  fourteen  series  into  a  new  deviation  measure  would  have 
added  practically  nothing  to  the  general  result  in  the  way  of  accuracy.  The 
labor  of  2,800  little  sums  in  addition  and  2,800  copyings  of  numbers  could  be 
more  profitably  spent.    My  figures  are  on  this  basis. 
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Measurements  should  be  on  the  finest  scale  that  can  be  recorded 
without  special  difficulty.  The  attenuation  by  chance  error  is  thus 
diminished  and  the  time  taken  in  making  a  more  elaborate  corre- 
lation table  can  be  saved  ten  times  over  by  the  use  of  the  Median 
Ratio. 

The  central  tendency  from  which  one  measures  deviations  should 
be  chosen  with  care  so  that  it  stands  for  some  reality  divergence 
from  which  is  significant. 

In  the  relationship  given  in  Table  XVII.,^  for  instance,  from 
what  point  should  one  reckon  deviations!  The  authors  take  the 
mean,  56.568.  But  there  is  much  to  be  said  for  taking  the  modal 
adult  life  (at  about  70),  since  that  represents  an  important  real 
tendency  and  the  force  of  heredity  in  determining  departures  from 
that  tendency  is  perhaps  more  important  than  its  form  in  deter- 
mining departures  from  the  rather  arbitrary  age,  56.568.     The  re- 


TABLE 

XVII. 

23 

23 
10 

28 
20 

33 

8 

38 
14 

43 
9 

48 
8 

53 
5 

58 
10  4 

63 

4 

68 
15 

73 
11 

78 
6 

83 

7 

88 
2 

93 

98 

Totals 

of 

Arrays 

188 

28 

20 

18 

15 

6 

9 

13 

8 

43 

7 

5 

6 

1 

9 

2 

1S6 

33 

8 

15 

18 

12 

14 

8 

8 

93 

11 

8 

3 

10 

7 

2 

1 

187 

38 

14 

6 

12 

12 

8 

11 

9 

42 

11 

10 

15 

5 

6 

2 

127 

43 

9 

9 

14 

8 

8 

8 

13 

53 

7 

12 

6 

8 

3 

2 

115 

48 

8 

13 

8 

11 

8 

16 

6 

114 

17 

11 

6 

9 

7 

2 

187 

63 

5 

8 

8 

9 

13 

6 

8 

73 

6 

9 

11 

10 

9 

3 

1 

116 

58 

10 
4 

4 
3 

9 
3 

4 
2 

5 
3 

11 
4 

7 
3 

53 
31 

8 
3 

15 
6 

4 
4 

12 

7 

7 
4 

2 

1 

1 
1 

107 
52 

63 

4 

7 

11 

11 

7 

17 

6 

83 

16 

18 

22 

11 

10 

3 

154 

68 

15 

5 

8 

10 

12 

11 

9 

15  6 

18 

28 

31 

19 

12 

9 

4 

212 

73 

11 

G 

3 

15 

6 

6 

11 

44 

22 

31 

40 

16 

13 

3 

1 

1 

198 

78 

6 

1 

10 

5 

8 

9 

10 

12  7 

11 

19 

16 

28 

17 

12 

3 

2 

176 

83 

J 

9 

7 

6 

3 

7 

9 

74 

10 

12 

13 

17 

12 

8 

3 

184 

88 

2 

2 

2 

2 

2 

2 

3 

21 

3 

9 

3 

12 

8 

8 

1 

62 

93 

11 

4 

1 

3 

3 

13 

98 

1 

1 

1 

2 

1 

6 

Medians 

of   48  48  47 

Arrays 

Peanon  Coefficient 

51  52 
=sr.2853 

55  57  59  62  65 
,  ex.  being  56.568. 

67 

68 

65 

73 

74 

76 

MedUn  Ratio  = 

=  .479,  C.T.  1 

being  59.4. 

^  The  relationship  between  brother  and  brother  in  length  of  life  in  cases  where 
both  brothers  are  21  or  over,  from  *  The  Inheritance  of  the  Duration  of  Life  *  by 
M.  Beeton  and  K.  Pearson,  Biometrika,  Vol.  I.,  p.  84.  1  have  divided  the  array 
of  58  80  as  to  make  a  median  sectioning  of  the  series.  In  the  original  the  array 
for  58  is  given  simply  as  14,  7,  12,  6,  8,  16,  10,  12,  11,  21,  8,  19,  11,  3,  2.  I 
have  also  added  approximate  medians  of  arrays. 
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culated  and  stated,  and  unless  the  relationship  is  uniform  (within 
the  limits  of  chance  error)  throughout  the  course  of  the  series  a  most 
probable  curved  line  to  fit  the  entire  series  should  be  calculated  in- 
stead of  the  slope  of  a  straight  line. 

For  instance,  the  Pearson  Coefficient  for  the  relation  between 
adult  brother  and  adult  brother  in  longevity  is  given  by  Beeton  and 
Pearson  as  .2853.  The  relation  is  sufficiently  close  to  uniformity  for 
all  values  of  x  to  make  a  linear  relation  at  least  approximately  true 
(if  we  consider  also  the  similar  relation  between  sister  and  sister). 
The  relation  is,  however,  by  no  means  identical  with  other  relations 
giving  a  similar  coefficient,  for  the  modal  relationship  is  approxi- 
mately 1.00.  This  can  be  seen  at  a  glance  from  the  graphic  repre- 
sentation of  the  correlation  table  (Fig.  10)  or  the  distribution  of 
the  ratios  (deviations  are  reckoned  from  59.4  and  59.4  as  central 
tendencies)  in  Fig.  11. 

The  .2853  then  does  not  mean  that  the  most  likely  value  of 
B  —  C.T.  of  B  is  near  .2853  X  (^  —  C.T.  of  A),  nor  that  the  forces 
producing  correlation  tend  to  make  B/A  =  .2853,  divergencies  from 
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Fig.  11.  Frequencies  of  different  degrees  of  relationship  in  the  case  of  fra- 
ternal longevity.  The  numbers  stand  for  the  ratios  in  per  cents,  the  heights  for 
their  relative  frequency.  The  mode  is  at  very,  very  close  resemblance,  or  ratios 
of  90  to  115  per  cent. 

this  being  due  to  minor  causes  producing  variations  in  the  correla- 
tion. On  the  contrary  the  .2853  represents  a  most  ambiguous  sum- 
mation of  the  force  of  a  tendency  to  identical  longevity  and  many 
other  forces.  If  the  authors  had  not  given  the  full  correlation 
table,  the  .2853  would  evidently  have  been  definitely  misleading. 

The  determination  of  the  most  likely  law  of  relationship  for  a 
series  of  pairs  may  then  be  theoretically  and  practically  a  different 
problem  for  each  particular  case,  a  problem  to  solve  which  we  need 
not  only  certain  mathematical  technique  but  also  abundant  knowl- 
edge of  other  similar  relationships  and  of  the  entire  body  of  facts 
relevant  to  the  relationship  in  question.  Thus  the  same  set  of  pairs 
could  properly  be  interpreted  on  the  basis  of  a  linear  relationship 
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when  they  were  male  brothers'  first-rib  lengths,  and  could  not  prop- 
erly be  so  interpreted  if  they  were  related  body-strengths  and  earn- 
ings in  dollars.  For  we  have  evidence  from  cephalic  index,  stature 
and  the  like  to  justify  some  expectation  of  linear  correlation  for 
fraternal  relationships  in  features  of  anatomy,  whereas  what  evi- 
dence we  have  concerning  the  relationship  between  body-strength 
and  earning  capacity  in  individuals  goes  to  show  that  it  is  far  less 
close  for  those  of  high  earning  capacity  than  for  those  of  very  low 
earning  capacity. 
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RHYTHM  AS  A  DISTINGUISHING 
CHARACTERISTIC  OF  PROSE    STYLE 

It  would  be  difficult  to  find  a  modem  Rhetoric  that  does  not  con- 
tain a  few  paragraphs  on  "the  rhythm  of  prose/*  It  would  be  just 
as  diflScxdt  to  obtain  from  those  paragraphs  a  clear  idea  of  what 
rhythm  in  prose  really  is.    One  of  the  most  explicit  statements  is:* 

"Rhythm  in  prose  may  be  defined  as  the  alternate  swelling  and 
lessening  of  sound  at  certain  intervals.  It  refers  to  the  general 
effect  of  sentences  and  paragraphs^  where  the  words  are  chosen  and 
arranged  so  as  not  only  to  express  the  meaning  of  the  writer,  but 
also  to  furnish  a  musical  accompaniment  which  shall  at  once  delight 
the  ear  by  its  sound  and  help  out  the  sense  by  its  suggestiveness." 

This  writer  does  not  tell  us  whether  there  is  any  regularity  in 
the  alternate  swelling  and  lessening  of  sound;  nor,  if  there  is,  how 
much.  He  does  not  say  what  are  the  means  by  which  the  rhythm 
of  prose  is  produced;  nor  does  he,  or  any  other  of  the  writers  re- 
ferred to,  explain  exactly  what  they  mean  by  "rhythm." 

When  we  come  upon  an  allusion  in  literary  criticism  to  an 
author's  "rhythmical  style"  we  commonly  think  of  an  agreeable  sense 
of  movement  had  in  reading  him.  But  if  we  ask  ourselves  what  it 
is  that  moves,  what  makes  the  difference  between  a  rhythmical  and 
an  unrhythmical  style,  or  how  the  rhythm  of  one  author  differs  from 
that  of  another,  we  find  that  our  conceptions  are  exceedingly  vague. 

The  writer  was  impelled  to  enter  upon  the  present  study  on  find- 
ing himself  unable  to  use  the  concept  "rhythm  in  prose,"  because  of 
its  vagueness,  in  a  series  of  experiments  that  he  had  planned  for 
determining  the  psychology  of  judgments  on  literary  styles.  He  had 
taken,  for  instance,  several  versions  of  Dante's,  "There  is  no  greater 
sorrow  than  in  misery  to  remember  the  happy  time,''  and  asked  about 
thirty  graduate  students  to  arrange  tliem  in  order  of  preference  and 
to  give  reasons  for  first  and  last  choice.  "Because  it  is  smooth," 
"Because  it  is  rhythmical,"  "Like  the  sound  of  it,"  "Sounds  rough," 
were  among  the  reasons  given.  The  question  arose:  What  change 
in  a  sentence  will  make  a  rough  one  smooth  or  a  smooth  one  rough? 

'  De  Mille,  Elements  of  Rhetoric.    §  299. 
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It  seemed  necessary  to  know,  what  elements,  of  sound  or  of  sense, 
go  to  constitute  what  is  called  the  rhythm  of  a  piece  of  writing. 

The  phenomenon  of  rhythm  in  prose  was  recognized  by  the  ora- 
tors and  rhetoricians  of  Greece  and  Rome,  and  they  gave  definite 
rules  for  producing  it.  Aristotle  philosophizes  concerning  the  mat- 
ter in  a  way  suggestive  of  Herbert  Spencer's  effort  in  his  well- 
known  essay  on  style.  "That  composition  which  is  entirely  devoid  of 
rhythm  is  indefinite,"  says  Aristotle.  *^he  indefinite  or  unlimited 
is  displeasing  and  cannot  be  known.  It  ought  to  be  limited,  only 
not  by  meter  like  verse."  "So  soon  as  a  definite  measure  is  caught 
the  ear  waits  for  its  return."  He  goes  on  to  specify  what  kinds  of 
"feet"  are  most  suitable  for  prose.  The  "heroic"  measure  is  not 
suitable  because  it  is  too  solemn  and  too  remote  from  the  language 
of  conversation;  the  "trochaic"  is  too  light  and  tripping.  There 
remains  the  "paeonic"  rhythm,  which,  though  used  by  many  rhetori- 
cians, had  not  been  defined.    It  has  two  forms, and  -  -  -  — ^ 

—  the  first  suitable  for  the  beginning  of  a  sentence,  the  second 
Tor  the  end.*  Cicero  follows  Aristotle  in  the  main,  and  gives  illus- 
trations from  his  own  orations.^ 

Recent  students  have  found  that  the  ancients  wrote  as  they  pleased 
and  theory  has  to  make  the  best  of  it.  Blass  has  "scanned"  selected 
passages  from  the  classical  "Kunstprosa"  with  the  aim  of  disclosing 
the  underlying  rhythmical  schemes.  He  leaves  ancient  theory  far 
behind.^  Weil  disputes  Cicero's  dictum  as  to  the  reason  why  a 
certain  celebrated  oratorical  period  was  greeted  with  tremendous  ap- 
plause.* Norden  remarks  that  "in  the  antique  conception  rhythmic 
prose  was  identical  with  periodic."^' 

The  subject  of  prose  rhythm  has  received  considerable  attention 
of  late  years  from  psychologists.  It  has  been  touched  upon  inci- 
dentally by  investigators  of  rhythm  in  general,  like  Bolton,  Meu- 
mann,  McDougal  and  Stetson;  and  directly  attacked  by  Wallin,  Marbe 
and  Scott. 

The  experimental  investigation  of  rhythm  has  added  to  our 
knowledge  on  such  points  as  the  limits  within  which  irregularities  in 
the  time  intervals  between  successive  impressions  may  occur  without 
destroying  a  rh>i:hm,  on  the  effect  of  the  rate  of  succession  of  im- 
pressions in  facilitating  or  hindering  the  arousal  of  a  feeling  of 
rhythm,   on  the  availability  of  different   kinds   of   impressions   for 

1  Aristotle,  Rhetoric  III,  8. 

2  Cicero.  De  Oratore. 

J  Blass,  Die  Rhythraen  der  Attlscheu  Kunstprosa.     Leipzig.  1901. 

4  Well.  Order  of  Words,  p.  13,  tr.  by  Super,  1887. 

6  Norden.  Die  An  tike' Kims  tprosa.  p.  42,  1898.  ! 
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ihaping  into  a  rhythm,  on  the  relations  between  rhythm-perceptioA 
and  physical  or  mental  activities,  and  so  on.  Btrt  owii^  to  tba 
nature  of  the  stinmli  used  in  these  experiments — simple  sensations> 
like  hammer  clicks  or  light-flashes, — ^few  of  the  detailed  results  odA 
be  used  in  the  study  of  the  rhythm  of  language,  where  the  rhythmical 
material  is  so  much  more  complex  in  character.  There  are,  however, 
a  few  facts  of  a  general  nature  that  are  significant  for  our  purpose. 

The  definition  of  rhythm  in  Baldwin's  dictionary  seems  td  com- 
mit the  error  of  identifying  mere  repetition  with  rhythm.^  **Bhythm 
is  a  reputing  series  of  time  intervals :  events  which  occur  in  such  a 
aeries  are  said  to  have  rhythm."  We  have  on  the  other  hand  the 
statement  of  Bolton  that  a  rhythm  in  speech  means  a  series  of 
groups  of  sounds.^  and  Ebbinghaus's  that  rhythm  is  ^^an  organization. 
of  sensations  following  one  another  in  time,  by  the  combination  of 
several  of  them  into  unified  groups  (not,  as  is  sometimes  said,  the 
mere  succession  of  impressions  following  one  another  in  equal  inter- 
vals of  time)."* 

We  are  no  longer  bound,  in  considering  language  rhythm,  to  re- 
main within  the  arbitrary  limits  of  literary  metrical  theory.  An 
increase  in  the  number  of  elements  composing  a  group  in  a  rhythmi- 
cal series  does  not  proportionally  increase  the  apparent  length  of 
tiie  groups.*  Rhythm  does  not  depend  upon  equality  of  successive 
time-intervals.  Only  an  approximate  equality  is  necessary.'  Meu- 
mann  has  shown  that  intervals  as  long  as  four  or  five  seconds  are 
very  inaccurately  estimated,  are  merely  guessed  at,  while  reading. 

Attention  plays  an  important  part  in  the  perception  of  rhythm. 
This  is  especially  so  in  the  case  of  subjective  rhythmization — the 
feeling  of  rhythm  in  an  objectively  monotonous  series  of  impressions. 
Different  forms  of  rhythm  are  felt  according  as  one  or  another  is 
imagined.  Conversely,  a  rhythmical  series  of  impressions  is  more 
easily  attended  to  and  better  remembered  than  a  structureless  series.* 

The  rhythmical  material  may  be  a  succession  of  simple  sense  im- 
pressions like  the  auditory  and  visual  sensations  employed  in  labora- 
tory experiments;  auditory  sensations  that  vary  in  pitch  as  well  as 
in  loudness  and  duration,  as  in  music;  a  series  of  movements  as  in 
dancing;  or  of  sounds  having  meanings,  as  in  language.    There  is  a 

1  Diet,  of  Phllos.  and  Psychol.  Art  "Rhythm." 

2  Bolton,  Am.  Journal  of  Psychology,  v.  6,  p.  158,  1894. 

3  Ebbinghaus,  Grundzuege  der  Psychologie,  vol.  1.  p.  507. 

4  Miner  Motor,  Visual  and  Applied  Rhythms,  p.  36.  1903. 

5  Phllos  Stud.,  vol.  X,  p.  404. 

«  Mueller  and  Schumann.  E^xperimentelle  Beitraege  zur  Untersuchung 
des  Gedaechtnlsses.  Zeltsch.  f.  Psychol,  und  Psyslol.  d.  Sinnesorg.  Bd.  VI, 
1893. 
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rhythm  of  thought  distinguishable^  if  not  separable^  from  the  rhythm 
of  language^  controlling  and  supplementing  the  purely  phonetic 
rhythm.  In  poetry,  phonetic  rhythm  often  overrides  thouj^t  rhythm- 
In  prose,  phonetic  rhythm  is,  on  tiie  whole,  subordinate  to  thou^t 
rhythm.  As  the  complexity  of  the  rhythmized  material  increases,  ir- 
regularities in  the  succession  of  Ihe  simpler  stimuli  are  more  and 
more  disregarded. 

"Rhythm  appears  in  thought  with  simple  perception  of  a  number 
of  objects/'  says  James.  "Accentuation  and  emphasis  are  present  in 
•very  perception  we  have.  We  find  it  quite  impossible  to  disperse 
our  attention  impartially  over  a  number  of  impressions.''^  When 
thought  moves  decidedly  in  a  definite  direction  under  the  impulse 
to  become  speech,  these  accentuations  and  emphases  become  more  dis- 
tinct. Language  fixes  them  permanently,  although  they  may  be  fdt 
before  becoming  embodied  in  words. 

An  experimental  investigation  of  speech  rhythm  has  been  made 
by  Wallin.^  His  subjects  spoke  various  pieces  of  prose  and  poetry 
into  a  phonograph.  The  records  were  then  reproduced  and  studied 
by  ear.  Durations  were  measured  by  reacting  with  a  telegraph  key 
to  certain  sounds  or  pauses  in  the  reproduced  speech.  Intensities  and 
pitches  were  estimated  and  grouped  by  the  listener.  When  in  doubt, 
other  listeners  were  substituted  to  check  his  impressions. 

Although  the  method  is  open  to  certain  objections — ^the  noise  of 
the  stylus,  and  subjective  errors  in  making  the  estimations,  which 
have  been  pointed  out  by  Stetson — some  of  the  results  that  especially 
interest  us  here  may  be  safely  accepted.  Wallin  found  that  the  chief 
guide  in  deciding  whether  a  piece  of  writing  was  prose  or  verse,  was 
the  arrangement  of  the  lines  to  the  eye.  When  verse  was  printed  as 
prose,  or  vice  versa,  the  one  was  often  taken  for  the  other.  The  fol- 
lowing bit  of  prose  by  Bacon  was  called  poetry  by  a  majority  of  his 
subjects : 

To  the  poor  Christian  that  sits  bound  in  the  galley. 
To  despairful  widows,  pensive  prisoners,  and  deposed  kings ; 
To  them  whose  fortune  runs  back  and  whose  spirits  mutiny. 
Unto  such  death  is  a  redeemer,  and  the  grave  a  place  of  rest.* 

His  subjects  spoke  prose  more  rapidly  than  poetry,  the  averages 
being  3.14  syllables  of  poetry  per  second,  and  3.81  of  prose — 20  per 
cent,  more  prose.  They  spoke  10  per  cent,  more  prose  syllables  during 
an  expiration  than  poetry — 5.91  of  the  former  and  5.41  of  the  latter. 

1  Principles  of  Psychology,  vol.  1,  p.  284. 

2  Researches  on  the  Rhythm  of  Speech,  Studies  from  the  Yale  Psycho- 
logical Laboratory,  vol.  IX,  1901 « 
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The  natnral  inference  from  these  figures  seems  to  be  that  equal  in- 
teryals  of  time  in  prose  may  be  filled  with  unequal  numbers  of  unac- 
cented syllables,  the  larger  number  being  spoken  more  rapidly.  Per- 
fect rhythm,  measured  by  perfect  equality  of  time  intervals  between 
accents,  was  but  slightly  more  common  in  verse  than  in  prose. 

The  method  employed  by  Scripture  of  measuring  the  physical 
impression  on  phonographic  discs,  although  objective  in  a  high  degree, 
is  too  tedious  for  pieces  of  any  length.^  It  is  imperfect  besides,  in 
confusing  objective  magnitude  with  subjective  impressions.  An  ac- 
cent in  language  means  an  accent  to  the  mind  of  the  reader  or  lis- 
tener, and  is  wholly  relative  to  adjacent  stresses,  durations  and 
pitches.  A  weak  sound  may  be  felt  as  accented  if  preceded  and 
followed  by  weaker  ones.  The  degree  of  difference  that  shall  be 
judged  sufBcient  to  constitute  an  accent  is  a  subjective  matter.  It 
follows,  that  this  rigidly  physical  method  must  rely  ultimately  on  the 
estimate  of  the  listening  mind,  and  cannot  claim  to  be  free  from 
lubjective  errors. 

The  good,  old  process  of  "scanning,^'  which  was  employed  by  Blass 
in  his  studies  of  Oreek  and  Latin  prose,  has  been  used  by  Marbe  on 
the  prose  of  Goethe  and  Heine.-  He  began  by  scanning  the  first  and 
second  thousand  words  of  Goethe's  "St.  Bochusfest"  and  Heine's 
"Harzreise"  (both  travel  sketches),  while  a  friend  scanned  the  sec- 
ond and  third  thousand.  The  average  number  of  unaccented  sylla- 
bles per  interval  between  two  accents  was  calculated,  and  the  frequency 
of  each  variety  of  "foot"  found  in  each  thousand  words.  The  scan- 
ning of  his  friend  agreed  suflBciently  with  his  own  to  show  that  the 
differences  found  between  Goethe's  and  Heine's  prose  were  objectively 
there,  and  the  results  from  the  successive  thousands  showed  that  the 
characteristics  of  the  first  thousand  might  be  expected  to  hold 
throughout  each  piece.  It  was  found  that  Goethe's  sketch  had  a 
greater  number  of  certain  kinds  of  feet  and  less  of  others  than  did 
Heine's,  and  that  the  average  foot  was  shorter  in  the  former  than  in 
the  latter.  Marbe  then  scanned  a  thousand  words  from  each  of 
half  a  dozen  other  writings  of  the  same  authors  and  found  similar 
differences. 

Finally,  two  very  suggestive  essays  by  Scott  should  be  mentioned.* 
This  writer  claims  to  have  discovered  two  styles  of  vocal  change  within 
prose  sentences.  In  one  type  the  voice  rises  in  pitch  to  the  apex  of 
an  arc,  is  held  suspended  for  a  time,  then  descends;  in  the  other  it 
rises,  begins  to  descend  and  the  pause  does  not  enter  until  it  has 

1  Elements  of  Experimental  Phonetics,  1902. 

^Rhythmus  im  Prosa,  Giessen,  1904. 

3  Modem  Language  Association  Pub.  1905. 
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descended  by  the  musical  interval  of  a  fourth  or  a  minor  fourtiL 
Scott's  theory  is  that  these  inflectional  arcs  constitute  the  *'feet''  of 
prose  rhythm,  which  are  compounded  in  various  ways.  He  admits 
that  there  are  other  rhythmical  elements  also,  such  as  stress,  alliter- 
ation, balance  of  clause  and  phrase,  etc.  Scott's  observationa,  it 
appears,  were  made  on  his  own  reading ;  he  gives  no  detailed  account 
of  them.  Stetson  has  estimated  the  falling  slide  at  the  close  of 
sentences  to  be  an  interval  of  a  third  or  a  fourth.* 


Phonographic  recitation  records  enable  one  easily  to  observe  the 
rhythm  of  prose.  Cylinder  records  of  Lincoln's  "Gtettjrsburg  Speech,** 
of  Ingersoll  on  "Napoleon's  Tomb"  and  of  McKinle/s  '^Speech  at 
the  Pan-American  Exposition,"  are  on  the  market, — spoken,  of  course, 
by  an  elocutionist.  The  elocutionist's  artificiality  mars  rather  than 
improves  these  pieces,  but  their  measured  character  becomes  obvious 
enough.  The  writer  from  much  listening  had  them  so  impressed 
on  his  mind,  that  they  ran  through  his  head  constantly  in  the  elo- 
cutionist's voice,  and  he  read  them  in  the  elocutionist's  manner  wfaoi 
he  had  the  written  copies  before  him.  It  was  not  difficult  to  mark 
on  a  copy  the  syllables  accented  in  the  phonograph.  The  rhjrthm  of 
the  first  sentence  of  the  Ingersoll  selection,  for  example,  is  quite  dis- 
tinct.   It  is  here  given  as  marked,  with  accents  and  pauses: 

A  little  while  ago  |  I  stood  at  the  tomb  of  the  first  Napoleon  | 
a  magnificent  tomb  of  gilt  and  gold  |  where  rested  at  last  the  ashes 
of  that  restless  man.|| 

No  measurements  or  calculations  were  made  on  these  specimens. 
The  chief  result  of  the  study  of  them  was  to  accustom  the  ear  to 
detect  beats  in  prose.  ITie  fact  of  the  existence  of  rhythm  in  prose 
became  clear  and  certain.  It  is  easy  to  ^^beat  time"  while  each 
of  the  phrases  separated  by  the  vertical  lines  in  the  above  sentence 
is  spoken. 

In  listening  to  public  speakers,  one  is  usually  so  interested  in  the 
meaning  of  the  discourse  that  one  does  not  observe  the  rhythm  of  its 
sound,  but  if  the  language  is  a  foreign  one  and  unintelligible  there 
is  nothing  but  the  sound  to  attend  to,  and  its  rhythmical  character 
becomes  apparent.  The  writer  listened  to  a  sermon  of  which  he  did 
not  understand  a  word,  in  the  Russian  church  in  New  York.  He  waa 
able  to  beat  time  for  short  stretches,  though  constantly  thrown  out 
at  pauses,  where  the  movement  broke  up  and  varied.    But  the  delivery 

1  Harvard  Psychl.  Studies.  1903. 
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of  some  American  public  speakers  is  so  markedly  rhjrthmical  as  to 
become  annoying  in  its  unvaried  chant.  With  a  little  effort,  it  is 
possible  to  abstract  the  attention  from  the  meaning  of  what  is  said 
and  beat  time.    The  writer  has  done  it  very  often. 

That  authors  of  marked  individuality  of  style  differ  from  one  an- 
other in  the  quality  of  rhythm  is  a  commonplace  of  literary  criticism. 
Every  sensitive  reader  feels  the  difference  between  such  writers  as 
Scott  and  Stevenson,  Macaulay  and  Carlyle^  De  Quincey  and  Emerson, 
Dickens  and  Thackeray,  Spencer  and  Huxley.  What  is  at  the  bottom 
of  these  differences?  In  poetry  different  rhythms  are  produced  by 
various  metrical  forms  that  may  be  schematically  exhibited.  Can 
anything  like  this  be  done  for  prose  ? 

The  following  experiment  to  test  this  question  was  made.  A  num- 
ber of  mimeograph  copies  were  made  of  selections  from  Scott,  Steven- 
son, Thackeray,  Carlyle,  Buskin,  Hawthorne  and  Lotze  (transla- 
tion). The  selections  were  arranged  as  if  by  one  author  in  consecu- 
tive paragraphs,  each  of  about  130  words.  One  person  read  aloud 
while  another  marked  the  syllables  that  to  his  hearing  were  accented. 
Six  markings  were  thus  obtained.  In  going  over  the  copies  after- 
wards, three  or  more  marks  on  a  syllable  were  considered  an  accent. 
The  most  surprising  result  of  the  experiment  was  that  only  one 
of  the  persons  engaged  in  it  was  sure,  when  asked,  that  the  selections 
were  by  different  authors.  The  others  had  not  noticed  the  fact.  One 
declared  they  were  by  the  same  author.  The  selections  had,  of  course, 
purposely  been  chosen  so  as  to  be  on  congruous  topics. 

More  syllables  were  marked  towards  the  close  than  at  the  be- 
ginning, showing  that  the  discriminativeness  of  the  markers  increased 
as  they  proceeded.  There  was  a  high  degree  of  agreement  among  the 
markers  but  the  selections  differed  from  one  another  in  the  proportion 
of  unaccented  to  accented  syllables. 

A  couple  of  sentences  with  the  markings  gathered  from  the  several 
sheets  are  here  given: 

15  5  4  4  16 

You  might  sooner  get  lightning  out  of  incense  smoke  than  true 

4  6  5  4  6 

action  or  passion  out  af  your  modern  English  religion.     You  had 

5  4  6  53^82 

better  get  rid  of  the  smoke  and  the  organ  pipes  both,  leave  them 

5  6  6  6  6  3 

and  the  Gothic  windows  and  the  painted  glass  to  the  property  man, 

5  134  614  6 

give  up  your  carburettcd  hydrogen  ghost  in  one  healthy  expiration 

2  6  5 

and  look  after  Lazarus  at  the  door-step. 

The  agreement  is  close  enough  to  justify  the  assumption  that  the 
scanning  of  one  individual  having  "a  good  ear,"  would  be  just  as 
valid  for  the  practical  purpose  in  view  as  the  result  obtained  by  add- 
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ing  markings  of  several  persons.  There  is  considerable  variation  in 
the  scanning  of  good  poetry  by  scholars.  These  individual  variation!^ 
however^  are  insignificant  beside  the  large  differences  dne  to  different 
types  of  rhythm,  like  blank  verse  and  hexameter,  shown  by  the  scan- 
ning of  all  alike.  One  person's  scanning  of  a  number  of  poetical 
specimens  would  be  sure  to  show  these  typical  differences^  however 
it  might  vary  in  detail  from  the  scanning  of  another.  The  assump- 
tion is  that  if  there  are  distinct  rhythmical  types  in  prose,  the  same 
procedure  there  should  give  valid  results. 

The  term  "scanning^'  applied  to  prose  obviously  does  not  mean 
quite  the  same  process  as  that  gone  through  by  the  school-boy  who 
scans  Virgil.  The  school-boy  is  taught  that  the  poetry  he  is  to  scan 
consists  of  two  kinds  of  syllables  arranged  according  to  definite  rules 
and  his  task  is  to  find  how  each  line  conforms  to  the  given  pattern. 
The  pattern  being  flexible  within  definite  limits,  the  boy's  ingenuity 
is  expended  in  accounting  for  seeming  irregularities  in  the  line  be- 
fore him.  But  we  never  are  provided  with  a  ready-made  pattern  for 
any  piece  of  prose.  Scanning  prose,  then,  must  mean  marking  accents 
wherever  we  feel  them.  Here  a  certain  amount  of  vagueness  enters. 
Not  having  a  pattern  to  guide  us,  which  accents  shall  we  mark  ?  For 
there  are  accents  of  various  degrees  of  intensity. 

A  good  poem  sets  the  tune  in  the  first  line  so  unmistakably 
that  the  succeeding  hues,  even  though  they  be  somewhat  uncertain 
rhythmically,  are  drawn  by  the  reader  into  the  rhythm  suggested 
at  the  beginning.^  Prose  has  no  lines  like  those  of  poetry,  and  its 
rhythmical  units  certainly  do  not  follow  each  other  with  any  such 
regularity  as  do  the  lines  of  poetry.  Nevertheless,  a  phrase  in  prose 
frequently  suggests  a  rhythm  as  distinctly  as  does  a  line  of  poetry, 
and  rhythms  are  echoed  in  prose  as  in  verse. 

The  tendency  to  accommodate  the  time  of  a  syllable  in  prose  to  fit 
the  movement  of  the  phrase  in  which  it  occurs,  may  be  shown  by  a 
simple  experiment.  Give  a  person  the  sentence,  "You  are  a  wicked 
man,"  to  read  aloud,  and  then,  *'You  are  a  bad  man.''  There  will 
be  a  distinct  lingering  on  the  word  **bad."  So  in  the  second  of  the 
sentences,  "How  do  you  do  this  morning?"  and,  "How  do  you  do 
this  morning?"  where  the  first  "do"  is  emphasized,  "you"  is  pro- 
longed. There  may  be  a  shifting  of  accent  from  one  syllable  to  an- 
other, as  may  be  seen  on  comparing  the  two  sentences,  "That  judg- 
ment was  unjust,"  and  "It  was  an  unjust  judgment."  In  the  first, 
"unjust"  is  accented  on  the  second  syllable;  in  the  second,  on  the 
first.2 

1  Lanier,  Science  of  Eng.  Verse,  p.  10,  1880. 

2  Lewis,  C.  M.,  Principles  of  Eng.  Verse,  p.  1,  1906. 
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In  order  to  determine  whether  various  prose  styles  differ  from 
one  another  in  accentual  rhythm  the  method  of  scanning  was  em- 
ployed, as  follows:  A  thousand  words  (or  more,  if  needed  to  reach 
a  full  stop)  were  counted  from  the  works  of  different  authors,  and 
^^scanned^'  by  the  writer.  The  whole  number  of  syllables  was  counted, 
also  the  accented  and  the  unaccented  syllables.  The  average  number 
of  unaccented  syllables  between  a  pair  of  accented  syllables  was  cal- 
culated.   Then  the  frequency  of  each  type  of  ^'foof'  was  counted; — 

that  is,  the  number  of  times  the  combination , , 

— ,  — etc.,  occurred.     Sentence  stops  were  disregarded* 

The  procedure  here  described,  it  will  be  seen,  is  the  same  as  that  em- 
ployed by  Marbe. 

To  illustrate :  The  first  1,004  words  of  Cooper's  Red  Rover  cotl- 
tained  1,593  syllables,  498  were  accented  in  scanning,  1,095  were 
left  unaccented, — average  unaccented  interval  2.20  syllables,  average 
deviation  .99,  average  word  1.59  syllables.  The  distribution  of  groups 
or  *^f eet"  was  as  follows : 

33 

120 

153 

116 

57 

— —  15 

— —  3 

Since  the  number  of  syllables  in  the  different  selections  scanned 

varied,  distributions  were  calculated  for  a  common  base  of  1,000  sylla- 
bles.   The  above  accordingly  gave: 

20.75 

75.48 

96.23 

72.96 

35.85 

— —  9.43 

— —  1.88 

Table  I  gives  the  frequencies  of  the  various  types  of  ^*foot**  for 
35  specimens  scanned  by  the  writer.     The  figures  over  the  columns 

indicate  types  of  ''foot"  :0=: ,  1  = >  ^  = , 

3  = ,  etc.     In  the  left-hand  column  of  the  Table  are 

given  authors  and  titles.    These  are  in  full : 
Cooper  Red  Rover 

Barbie  Little  Minister 

Stevenson  Old  Pacific  Capital 

Kipling  In  the  Matter  of  a  Private 

Incarnation  of  Krishna  Mulvanej 

Man  Who  Was 


>o 
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James,  H. 

HOWELLS 

DiOKENS 
BUBKIN 

Milton 

Browne 

Addison 

Johnson 

De  Quinoey 

Carlyle 

Macaulat 

Emebson 

Holmes 

Burke 

Webster 

Inoersoll 

The  Times 

The  Journal 

The  Times 

Spencer 

Huxley 

Darwin 
James^  W. 
Tennyson 


Watch  and  Ward 
The  Ambassadors 
The  Lady  of  tiie  Aroostook 
Landlord  at  Lion's  Head 
Nicholas  Nickleby 
Modem  Painters 
Sesame  and  Lilies 
Tenure  of  Kings  and  Magistrates 
Urn  Burial 
Essay  on  Milton 
Essay  on  Shakespeare 
Essay  on  Shakespeare 
Hero  Worship:  Shakespeare 
Bosweirs  Life  of  Johnson 
Old  and  New  Schoolmaster 
Nature 

Autocrat  of  the  Breakfast  Table 
On  Conciliation  With  America 
Character  of  Washington 
Heretics 
Editorial 
Editorial 

Report  of  an  Accident 
Principles  of  Psychology 
Physiography,  Chap.  I 
Preface  to  the  above 
Expression  of  Emotions 
Principles  of  Psychology:  Habit 
The  Princess:  Prologue  (blank  verse) 

Table  I. 


(0) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6)        (7)      (8) 


Cooper    

20.75 

75.48 

96.23 

72.96 

35.85 

9.43 

1.88 

Barrie    

36.34 

120.08 

98.75 

54.30 

24.49 

10.27 

2.37 

Stevenson    

39.49 

140.01 

76.10 

85.44 

16.51 

3.59 

.71 

Kipling — 

I.    M.    P 

43.72 

126.30 

100.63 

60.37 

22.90 

5.55 

.69 

I.    K.   M 

29.48 

97.15 

106.53 

61.64 

26.80 

8.71 

.67 

M.   W.   W.    ... 

25.92 

93.96 

93.96 

63.30 

28.51 

8.42 

5.81 

James.  H. — 

W.    W 

30.91 

108.54 

102.36 

08.01 

24.73 

6.87 

.68 

Amb 

31.32 

95.35 

112.05 

61.24 

23.66 

11.13 

2.08 

HOWELLS — 

L.    A 

18.92 

87.62 

91.13 

72.90 

27.33 

9.81 

3.50 

.69 


.64 


1.50 


.70 
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(0)  (1)  (2)     (3)  (4)  (5)  (6)    (7)   (8) 

L.  L.  H 16.60  84.47  100.74  60.31  26.71  6.40  2.16   .72 

DiCKBNS  20.88  118.10  05.61  03.08  26.56  5.07   .66 

RUSKIK 

M.  P 62.64  141.20  87.33  66.74  16.38  7.10  1.42 

8.    L.    80.73  06.53  06.70  04.00  80.73  0.16       .65                   .65 

Milton     28.03  107.00  78.74  82.10  26.24  6.73       .67 

Bbownb    24.58  112.60  116.11  62,83  21.85  4.78       .68 

Addison    10.06  88.87  80.51  66.33  36.06  8.37  3.86 

Johnson     8.56  77.72  87.51  78.04  37.04  6.73     3.00 

Da   QUINCET    16.88  80.76  02.56  64.51  38.14  8.07  2.24                   .68 

Casltlb    33.36  116.45  102.83  63.33  10.06  6.81  2.72       .68 

Macaulat    20.86  73.67  87.36  73.02  20.34  11.08  4.56     3.01 

Lamb     17.05  85.42  100.27  60.04  33.42  11.14  2.47       .61 

EMKB80N    23.76  106.24  111.14  65.00  23.06  0.08 

U0LMK8    22.04  80.58  105.03  63.00  27.72  8.53       .71     1.42       .71 

BUBKB    15.31  75.28  08.25  74.00  33.81  0.57  1.01 

Websteb    26.78  87.22  88.46  71.02  31.77  8.00  8.78       .62       .62 

INGEBSOLL    26.67  136.48  01.26  55.45  28.78  7.72  1.40 

The   Timet    17.44  81.61  06.56  64.70  33.64  0.34  3.11     1.24       .62 

The    Journal    26.22  113.18  101.43  61.41  23.46  5.52  8.46     1.38 

The   Timet,  R 35.00  03.60  08.03  78.38  22.83  3.80  2.28 

Spenceb    20.36  51.45  75.04  63.78  34.80  23.58  5.80     8.21     1.07 

HUXLEX — 

Phyt.    Ch.    1 38.30  111.55  120.06  57.12  22.84  4.60 

Pref 20.46  84.28  105.35  65.61  34.31  6.41  4.21 

Dabwin     34.50  01.20  111.06  06.04  23.27  7.54  1.25       .62 

James,    W 28.42  03.86  116.00  65.43  23.13  7.27  1.32 

'*Thb  Pbincess"    . . .  22.68  286.62  28.72  65.01  6.04  2.26       .75 

ATEBAOEB    26.85  08.52  08.05  66.81  27.63  8.80  2.11 

(excluding  the  last) 


Table  II  gives  the  average  unaccented  interval  in  syllables,  the 
average  deviation  from  this  average  and  the  average  word-length 
in  syllables,  for  each  of  the  selections. 

Table  II. 

Av.  Int.  A.  D.  Av.  W. 

COOPEB    2.20 

Babbie    1.87 

Stetbnson    1.76 

Kipling— I.    M.    P 1.77 

I.  K.  M 1.97 

M.  W.  W 2.09 

James,  H. — W.   W 1.01 

Amb 1.96 

HowELLS— L.    A 2.18 

L.  L.  H 2.13 


.00 

1.58 

.08 

1.26 

.07 

1.87 

.05 

1.40 

.01 

1.43 

.02 

1.62 

.02 

1.44 

.02 

1.42 

.08 

1.42 

.00 

1.88 
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DlCKINS    1.89 

Bdskin— M.    P 1.67 

8.  L 2.01 

Milton    1.99 

Bbownb    1.89 

Addison    2.17 

Johnson  2.31 

Dm  QniNCET    2.17 

Cabltlb    1.87 

Macaulat 2.29 

Lamb  2.19 

ElIBBSON    1.95 

Holmes    2.08 

BuBKB   2.24 

Wbbsteb    2.13 

ingbbsoll  1.85 

The  Times,  Ed.   2.23 

The  Journal,  Ed 1.93 

The   Timea,   B 1.95 

Spbnceb    2.56 

Hdxlet — Ch.    1 1.80 

Pref 2.13 

Dabwin    1.95 

James^  W 1.97 

"The  Pbincess"    1.40 


.94 

1.46 

.98 

1.85 

.96 

1.46 

.93 

1.47 

.85 

1.43 

1.02 

1.50 

1.00 

1.59 

1.01 

1.66 

.94 

1.44 

1.30 

1.51 

1.00 

1.50 

.85 

1.42 

.94 

1.39 

.97 

1.56 

1.13 

1.53 

.96 

1.40 

.99 

1.54 

93 

1.44 

.93 

1.42 

1.01 

1.76 

.88 

1.42 

95 

1.63 

.91 

1.57 

.86 

1.50 

.71 

1.29 

A  cursory  glance  at  Table  I  shows  that  each  selection  has  a  foot 
of  maximum  frequency,  either  (1)  or  (2) ;  that  the  curves  rise  more 
steeply  than  they  descend;  that  there  is  considerable  variety  of  shape 
in  the  curves.  A  few  typical  ones  have  been  plotted  and  are  given  in 
the  accompanying  charts.  The  points  to  be  noted  are :  the  acut€  and 
the  rounded  summit,  the  steep  and  the  gradual  descent,  the  summit 
in  (1)  and  the  summit  in  (2),  the  double  apex  or  dip  (Milton  and 
Stevenson). 

Before  proceeding  to  discuss  the  figures  presented  in  the  pre- 
ceding tables,  it  will  be  desirable  to  give  some  evidence  of  their  reli- 
ability; first,  as  measures  of  objective  fact;  second,  as  typical  of  the 
whole  work  from  which  each  selection  was  taken. 

The  first  thousand  words  of  Cooper^s  "Eed  Rover"  were  scanned 
by  two  persons  besides  the  writer.  Both  were  students  at  Teacher's 
College,  Columbia  University,  but  one  had  never  scanned  poetn'. 
The  numerical  results  are  given,  together  with  those  from  the  writer^s 
scansion,  for  comparison,  in  Table  III. 
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Tablb  III. 

COOPEB^S 

^Tled  Rover.^^ 

(1st 

1,000  words.) 

(0) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

At.  Int.  A.  D. 

A.    L.    . 
M.   R.   . 
L.    T.    . 

...20.75 
...25.82 
...   8.75 

75.48 
79.37 
56.25 

96.23 
98.12 
82.50 

72.96 
71.25 
71.25 

35.85 
33.12 
40.62 

9.43 

8.75 

14.37 

1.88 
2.50 
6.25 

2.20         .99 
2.13         .99 
2.54       1.09 

The  agreement  between  the  first  two  is  close.  The  third  varies 
from  the  other  two,  but  it  will  be  noticed  that  the  maximum  is  in 
the  same  column.  The  low  number  in  column  (0),  and  the  high 
numbers  in  columns  (5)  and  (6),  indicate  that  this  person  omitted 
a  great  many  accents  that  were  marked  by  the  first  two. 

Stevenson's  "Old  Pacific  Capital"  was  scanned  by  C.  W.,  who  had 
never  scanned  poetry.  The  next  table  gives  the  result,  together  with 
the  corresponding  figures  from  Table  I.  C.  W.  scanned  the  second 
thousand  words;  A.  L.  the  first  thousand. 

Table  IV. 


Stevenson's  "Old  Pacific 

Capital"  (1st  &  2nd  1,000). 

(0)           (1)          (2)          (3) 

(4)         (5)        (6)     (7) 

At.              At. 
Int.  A.D.    W. 

a.  l. 
c.  w. 

....39.49     140.01     76.10     85.44 
....57.67     122.46     79.74     76.18 

16.61     3.59     .71 
18.51     7.12     .71     1.42 

1.76     .97     1.87 
1.74     .98     1.88 

The  two  scansions  give  widely  divergent  figures  in  columns  (0) 
and  (1).  Now,  it  will  be  observed  that  the  number  of  (0)'s  marked 
by  C.  W.  is  far  in  excess  of  that  given  for  any  writer  by  A.  L.  in 
Table  I.  It  is  also  more  than  double  the  number  marked  by  M.  B. 
in  the  Cooper  selection.  It  seems  a  fair  inference  that  C.  W.  was  ab- 
normal in  accenting  successive  syllables.  C.  W.'s  manner  of  speaking 
supports  this  inference.  It  is  slow  and  deliberate,  with  strong  em- 
phasis, always  noticed  by  new  acquaintances.  If  we  throw  in  a  few 
unaccented  syllables  here  and  there  so  as  to  reduce  (0)  to  more  nor- 
mal size,  (1)  will  rise  proportionally.  It  should  be  noticed  that  the 
high  frequency  of  (1)  and  the  relatively  high  frequency  of  (3)  appear 
in  both  records. 

Henry  James'  "Watch  and  Ward"  was  scanned  by  K,  graduate 
student  of  English. 
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Table  V. 


James^  "Watch  and  Ward'^  (same  section) . 


(0)  (1)  (2)  (3)  (4)  (5)  (6)  A.Iiit    A.D. 

A.   L.    30.01       108.54       102.36       68.01       24.73       6.87         .68  1.91       .92 

K.    33.61       109.07         93.98       66.54       26.06       8.91       1.37  1.92       .97 

We  observe  here  that  the  maxima  are  in  the  same  column  and  the 
general  agreement  good.  A  piece  of  prose  having  a  large  excess  of 
one  kind  of  "foot,"  we  may  assume,  will  have  a  different  rhythmical 
character  from  one  with  an  excess  of  another  kind.  Its  rhythm  will 
be  greatly  colored  by  the  predominant  type.  Hence  agreement  among 
different  markers  in  marking  the  most  frequent  "foot,"  indicates 
agreement  in  feeling  the  predominant  rhythm. 

The  most  frequent  "foot,"  it  has  been  noted,  is  always  in  column 
(1)  or  (2).  These  two  intervals  are  radically  of  different  type. 
Foot  (1)  is  two-rhythm — iambic  or  trochaic;  foot  (2)  is  three- 
rhythm — anapaestic  or  dactyllic.  Foot  (3),  on  the  other  hand,  may 
be  the  result  of  negligence  in  marking  foot  (1),  a^  a  little  consid- 
eration will  show.  Similarly,  foot  (4)  may  be  due  to  neglect  of  ad- 
jacent (l)'s  and  (2)'s,  and  foot  (4),  to  neglect  of  successive  (2)'8. 
One  would  expect  the  scansion  of  an  inexperienced  person  to  show  a 
greater  number  of  the  long  intervals  than  the  scansion  of  a  person 
who  had  marked  a  large  number  of  pieces.  The  scansion  of  three  of 
the  markers  illustrates  this  point.  But  the  opposite  may  happen. 
The  inexperienced  marker  may  mark  too  minutely,  marking  word- 
accents  instead  of  sentence-accents.  This  seems  to  have  been  done 
ty  (M.  E.). 

As  to  the  extent  to  which  the  figures  in  Table  I  may  be  taken  to 
be  typical  for  the  piece  of  writing  as  a  whole  from  which  each  selec- 
tion of  a  thousand  words  was  taken,  some  evidence  will  be  found  in 
Table  VI  and  VII. 

Each  of  the  selections  named  in  the  first  column  of  Table  VI 
was  divided  in  half,  and  the  different  types  of  foot  in  each  half  were 
counted  just  as  they  had  been  in  the  wholes.  The  halves  ranged  in  size 
between  seven  and  eight  hundred  syllables.  The  figures  in  the  table 
have  been  reduced  to  a  common  denominator  of  500. 

In  Table  VII  are  given  the  figures  resulting  from  L.  T.'s  scansion 
of  the  first  and  second  consecutive  thousand  words  of  Cooper's  "Red 
Bover." 
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Table  VI. 


(0) 


(1) 


(2) 


(S) 


(4) 


(5) 


KiFLixo— I.  K.  V 17 

13 
RU8KIN — S.    U     15 

15 
MiLTOX 19 

10 

Bbownc   15 

9 
Carltlr   13 

19 

Lamb    11 

6 
Gmerbo.v    10 

13 

INGER80LL     12 

14 

Spb.vcbk    10 

9 
Ufxlet — Pref 10 

8 


47 

59 

se 

10 

54 

52 

28 

24 

49 

51 

31 

15 

46 

45 

33 

15 

52 

37 

50 

10 

58 

44 

85 

16 

57 

60 

30 

13 

55 

56 

32 

8 

57 

55 

29 

8 

66 

47 

34 

10 

46 

50 

29 

17 

38 

49 

30 

16 

58 

56 

30 

9 

49 

55 

35 

14 

73 

42 

26 

15 

61 

48 

29 

IS 

24 

39 

30 

IP 

27 

35 

33 

19 

37 

50 

31 

15 

37 

43 

27 

15 

Table  VIL 

COOPEBS 

"Eed  Rover" 

(L.  T.). 

(0)             (1) 

(2)            (3) 

(4) 

(5) 

(6) 

(T) 

l»t.    1.000... 
2nd.    1,000... 

...  875          56.25 
...6.79         56.23 

82.50          71.25 
78.48          69.83 

40.62 
42.02 

14..37 
19.15 

6.25 
4.32 

.«! 

Let  us  now  return  to  Table  1.  The  selections  were  taken  from 
authors  of  the  most  diverse  styles.  Tliero  was,  of  course,  no  need  of 
establishing  the  fact  of  the  iridesf  diversities  by  experiments  in  ap- 
preciation. That  Stevenson's  style,  for  example,  is  extremely  differ- 
ent from  Cooper's  will  be  disputal  oy  no  one.  Innumerable  printed 
opinions  have  «j:iven  expression  to  this  judgment.  A  similar  consen- 
sus of  opinion  may  be  confidently  assumed  as  to  the  fact  of  diversity 
between  such  styles  as  that  of  Ihiskin's  "Modern  Painters"  and  that 
of  Lamb's  "Essays  of  Elia,"  between  Burke  and  Ingersoll,  between 
Herbert  Spencer  and  William  James,  between  Addison  and  Carlyle, 
between  the  Times  and  the  Journal, 

The  figures  in  the  table,  so  far  as  these  very  dissimilar  styles  are 
concerned,  at  least,  vary  in  sympathy  with  the  estimate  of  literary 
criticism.  Carlyle  and  Addison  are  a  strongly  contrasted  pair.  The 
epithets  applied  most  often  to   Carlyle's  style  are  "vigorous"  and 
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•'emphatic/^  while  Addison's  writing  is  characterized  as  "smooth** 
and  "urbane/'  To  a  person  scanning  styles  such  as  these  two,  the 
difference  is  felt  to  be  one  between  strong  or  distinct,  and  weak  and 
yague  accentnation.  One  scanning  a  vaguely  accentuated  style  will 
pass  over  a  relatively  large  number  of  syllables  without  marking  $ui 
accent.  In  a  strongly  accentuated  style  the  accents  marked  are 
numerous  and  close  together.  This  is  shown  in  the  table  by  the 
great  excess  of  (4)X  (5)'s  and  (6)'s  in  Addison  over  Carlyle,  and  the 
excess  of  (0)'s  in  Carlyle  over  Addison. 

Similar  differences  may  be  seen  in  the  table  between  Burke  and 
Ingersoll,  Spencer  and  James,  Cooper  and  Stevenson,  the  Times  and 
the  Journal.  Comparing  the  figures  in  column  (0)  with  one  another, 
and  those  in  columns  (4),  (5),  and  (6),  we  should  class  Lamb,  De 
Quincey,  Johnson  and  Howells  with  Addison;  and  Barrie,  Kipling, 
Browne,  H.  James,  Euskin  M.  P.,  with  Carlyle. 

We  now  pass  to  consider  columns  (1)  and  (2).  These  two 
columns,  as  has  been  remarked  before,  represent  radically  different 
types  of  rhythm.  "Iambic''  or  "trochaic"  with  reference  to  (1),  and 
"anapaestic"  or  "dactyllic"  with  reference  to  (2),  are  objectionable 
terms ;  both  because  no  distinctions  between  "iambic"  and  "trochaic," 
or  "anapaestic"  and  "dactyllic"  were  made  in  scanning,  and  because 
these  terms  carry  inplications  of  classical  prosodic  theory  that  are  in- 
applicable. The  term  "duple"  for  the  shorter  foot,  and  "triple"  for 
the  longer,  will  be  used.  Each  of  these  may  be  again  characterized, 
if  necessary,  as  "rising"  or  "falling,"  according  as  the  accent  comet 
last  or  first  in  the  foot. 

Taking  two  contrasted  styles  like  Buskin's  "Modem  Painters" 
and  Lamb's  "Essays,"  we  note  that  the  one  has  a  large  excess  of 
(1)'8  over  (2)'s,  the  other  of  (2)'s  over  (1)'8.  Buskin's  style,  then, 
we  should  say  is  markedly  duple  in  this  selection;  Lamb's  triple. 
For  similar  reasons  we  would  affirm  that  the  styles  of  Stevenson, 
Barrie,  Dickens,  Milton,  Carlyle,  Ingersoll,  the  Journal,  Kipling^s 
"In  the  Matter  of  a  Private,"  exhibit  marked  duple  rhythm ;  while 
Huxley,  Darwin,  W.  James,  H.  James  in  "The  AiAbassadors," 
Howells,  Holmes,  Kipling  in  "The  Incarnation  of  Krishna  Mul- 
vaney,"  have  a  predominant  triple  rhythm.  The  degree  of  duple  or 
triple  should  be  estimated  by.  the  degree  of  excess  of  (l)'s  over  (2)*8 
or  vice  versa.  But  low  amounts  of  both  (as  in  the  case  of  Spencer) 
even  though  there  be  a  considerable  excess  of  one  over  the  other  can- 
not constitute  a  rhythm,  for  they  may  both  be  scattered  through- 
out the  piece  of  writing  a??  isolated  groups  of  syllables,  not  as  groups 
of  "feet."  Large  amounts  of  both,  on  the  other  hand  (as  in  the  case 
of  Browne),  even  though  neither  predominate,  indicate  rhythm,  a 
mingliiiLT  or  alternation  of  duple  and  triple. 
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In  the  best  of  duple  rhythms  there  will  be  found  a  certain  amount 
of  (2)^8.  "The  Princess/'  which  is  duple  rhythm  by  a  great  artist,  is 
instructive  on  this  point.  Some  of  the  (2)^8  there  are  due  to  syl- 
lables intended  to  be  hurried  or  slurred  in  reading.  Others  arise  from 
the  substitution  here  and  there  of  a  duple  falling  for  a  duple  ris- 
ing foot — a  permissible  procedure  in  blank  verse — ^which  brings 
the  unaccented  syllables  of  two  feet  together.  Amid  triple  rhythm^ 
by  the  opposite  process  of  lengthening  syllables,  duple  feet  may  be 
inserted  without  breaking  the  rhythm. 

The  figures  in  column  (3)  are  to  be  interpreted  in  two  ways. 
They  indicate  partly  failure  to  mark  accents  in  successive  duple  feet. 
This  point,  too,  is  illustrated  in  "The  Princess.^'  It  probably  ac- 
coimts  for  the  large  number  of  (3)'s  in  Milton  and  Stevenson.  But 
(d)'s  to  a  large  extent  constitute  a  distinct  type  of  rhythm.  It  will 
be  remembered  that  Aristotle  recommended  this  type,  which  he 
called  the  "paeonic,''  as  the  most  suitable  for  prose.  A  few  phrases 
of  English  from  the  selections  that  were  scanned  will  show  the  char- 
acter of  this  foot. 

In  the  first  from  Macaulay's  "Boswell,*'  the  (3)'s  are  alternated 
quite  regularly  with  other  intervals: 

All  the  caprices  of  his  temper,  all  the  illusions  of  his  vanity,  ill 
his  cistles  in  the  air. 

The  next  is  from  Johnson : 
He  sacrifices  virtue  to  convenience. 

And  this  from  Burke: 
If  anything  were  wanting  to  this  necessary  operation  of  the  form 
of  government,  religion  would  have  given  it  a  complete  effect. 

This  type  of  foot  seems  to  be  comparatively  numerous  in  Burke, 
Webster,  Johnson,  Macaulay,  The  Times  reportier,  and  "The  Lady  of 
the  Aroostook." 

Column  (4)  has  already  been  discussed  in  connection  with  column 
(0).  It  does  not  represent  a  distinct  type,  but  is  a  resultant  of  weak 
and  vague  accentuation,  or  may  be  resolved  into  shorter  feet.  The 
same  may  be  said  of  the  columns  beyond  (4). 

The  assumption  has  been  made  once  or  twice  above  that  a  large 
amount  of  a  particular  type  of  foot  in  a  piece  of  writing  indicates  the 
presence  of  a  rhythm  of  that  type.  The  assumption  may  be  tested  by 
actual  counting.  This  was  done  for  portions  of  a  few  of  the  se- 
lections. The  first  200  feet  of  Stevenson,  Barrie,  Ruskin  (M.  P.), 
Cooper  and  Macaulay  were  plotted  and  counted  in  the  following  man- 
ner: 

A  dot  was  placed  one  unit  above  the  base  line  for  each  foot  of  type 
(0),  2  units  above  for  every  (1),  3  above  for  every  (2),  etc.,  separated 
horizontally  by  units  of  space.     Starting  at  the  beginning  of  the 
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selectioiiy  each  foot  was  given  a  dot  on  its  appropriate  altitude,  the 
dots  Bncceeding  each  other  in  the  same  order  as  the  feet  in  the  prose. 
The  dots  were  connected  by  straight  lines.  The  same  type  of  foot 
repeated,  gave  an  unbroken  horizontal  line.  A  change  from  one 
type  to  another  appeared  as  an  oblique  line.  By  counting  the 
dots  in  the  horizontal  lines  at  any  altitude  we  get  a  measure  of  the 
amount  of  rhythm  of  that  type.  Single  occurrences  appear  in  the 
diagram  as  angles. 

The  count  gave  the  following  results : 

Table  VIII. 


Duple  Rhythm 
per  cent. 

Triple  Rhythm 
per  cent. 

Stjvkhson  

26 
18 
22 
12.5 

8 

ft 

BAtSI*    

RnsKiN    

llACAOLAT       

12 

4 
13 

COOPBB      

13.6 

In  the  Stevenson  prose,  that  is  to  say,  26  per  cent,  of  all  the  feet 
occurred  in  groups  of  two  or  more,  and  were  of  the  duple  t}'pe; 
5  per  cent,  occurred  in  groups  of  two  or  more  and  were  of  the  triple 
type.  In  Cooper^s  prose  the  duple  feet  that  occurred  in  groups  of 
two  or  more  were  only  8  per  cent.,  while  the  triple  feet  so  occurring 
were  13.5  per  cent,  of  all  the  feet.  The  200  feet  that  were  counted 
comprised  about  400  words. 

It  should  be  observed  that  although  the  method  of  counting  above 
described  probably  gives  a  fair  comparative  measure  of  the  amount 
of  rhythm  in  each  passage,  it  by  no  means  gives  an  absolutely  correct 
measure.  The  angles  in  the  diagram  may  form  parts  of  a  complex 
rhythmical  pattern.  The  intrusion  of  feet  of  diverse  types  is  fre- 
quent, as  we  have  seen,  even  in  poetry  which  is  theoretically  all  in  one 
rhythm.  A  regular  alternation,  besides,  may  be  rhythmical  as  well 
as  a  uniform  repetition.  Each  alternating  pair  then  forms  one  com- 
plex group  which  is  repeated.  A  phrase  like  this  of  Ruskin's,  for  in- 
stance : 

"into  fantastic  semblances  of  fortress  t6wers,'* 
would  not  give  a  horizontal  line  in  the  diagram,  but  it  appears  to  be 
Irhythmical. 

Our  next  inquiry  is  whether  a  writer  can  be  known  by  his  rhythm, 
aiB  measured  in  Tables  I  and  II,  in  everything  he  writes.  The  list 
of  works  scanned  includes  two  by  Ruskin,  three  by  Kipling,  two  by 
Howells,  two  by  James,  and  two  by  Huxley — (the  first  chapter  and 
the  preface). 
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Euskin's  "Modern  Painters"  diflfers  very  much  in  Table  I  from  his 
"Sesame  and  Lilies."  The  one  is  highly  accentuated,  with  a  great 
number  of  duple  feet,  the  other  shows  moderate  accentuation,  with  a 
slight  preponderance  of  triple  feet,  and  more  than  the  average  of 
both  (4)^s  and  (0)'s  which  is  exceptional.  These  figures  seem  to 
conform  to  the  impression  made  by  the  two  styles  on  at  least  one 
reJider.  The  passage  from  "Modem  Painters"  is  extraordinary  prose 
— a  description  oi  sun-rise  in  the  Alps  and  a  palpable  eflfort  at 
rhythmical  writing.  "Sesame  and  Lilies"  is  didactic,  a  homily  to 
young  ladies  on  their  duties  and  privileges.  The  one  almost  breaks 
into  song;    the  other  is  uneven  and  spasmodic. 

Kipling's  three  stories  show  three  different  types  of  rhjrthm — ' 
duple,  triple  and  mixed.  Eeaders  of  Kipling  will  not  be  surprised 
at  this.  There  may  be  characteristics  in  his  style  that  would  enable 
one  to  distinguish  his  work  from  another  writer's  without  knowing 
the  authors,  yet  nothing  could  be  plainer  than  that  some  of  his 
stories  move  very  differently  from  others.  Compare  for  instance  two 
such  extreme  kinds  as  "The  Big  Drunk  Draf"  with  "An  Habitation 
Enforced." 

Huxley's  Chapter  I  shows  a  greater  amount  of  accentuation  than 
his  Preface,  though  the  predominant  type  of  rhythm  is  the  same  in 
both.  The  two  selections  differ  in  the  character  of  their  matter.  The 
Preface  discusses  the  place  of  Physiography  as  a  science,  its  import- 
ance in  an  educational  curriculum  and  the  best  ways  of  teaching  it. 
The  thought  is  strong,  the  vocabulary  abstract  and  polysyllabic.  It  is 
addressed  to  men  of  science.  In  Chaj)ter  1,  technicalities  are  aban- 
doned and  the  author  faces  the  task  of  instructing  the  average  man 
in  the  elements  of  science.  The  movement  becomes  comparatively 
light  and  rapid. 

The  extracts  from  both  Howells  and  Henry  James  were  chosen 
with  the  view  of  testing  whether  there  had  been  a  change  of  style 
form  early  to  late  works.  The  critics  make  much  of  a  difference  in 
Henry  James'  style.  The  table  shows  that  there  has  been  a  change 
from  duple  rhythm  in  "Watch  annd  Ward"  to  triple  rhythm  in  "The 
Ambassadors."  The  average  foot  has  lengthened  slightly;  the  aver- 
age deviation  is  exactly  the  same;  the  average  word  is  a  trifle  shorter. 
The  relatively  high  number  of  (5)'s  indicates  greater  vagueness  of 
accentuation.  The  change  from  predominant  duple  to  predominant 
triple  rhythm  despite  the  slightly  shortened  word  length  is  significant, 
for  it  shows  that  the  change  has  been  brought  about  by  other  means — 
word-arrangement,  or  thought-form. 

Howells'  later  work,  ^The  Landlord  at  Lion's  Head,"  shows  a 
greater  amount  of  triple  rhj'thm  than  his  earlier,  "Lady  of  the  Aroos- 
took."    The  average   foot,  the  average   deviation  and   the  average 
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word  have  nevertheless  all  decreased.  There  are  fewer  (3)%  (4)*8, 
(5)'s  and  (6)'s.  All  these  facts  seem  to  indicate,  that  Howells* 
style  has  become  more  decidedly  triple  rhythmically,  and  in  general 
more  clean-cut  and  distinct. 

It  appears  from  these  comparisons  that  a  writers  style  is  not 
the  same  rhythmically  in  different  works,  whether  of  the  same  or 
of  different  periods  of  his  career.  And  this  generalization  based  upon 
a  count,  from  which  the  possibility  of  subjective  error  is  indeed  not 
excluded,  is  confirmed  by  the  purely  objective  test  of  the  average 
word-length.  The  difference  in  this  respect  between  Huxley^s  Preface 
and  his  Chapter  I  is  considerably  greater  than  that  between  either 
of  these  and  the  selections  from  Darwin  or  Prof.  James.  The  dif- 
ference between  Kipling's  "In  the  Matter  of  a  Private''  and  his  ^T^an 
Who  Was,"  in  word-length,  is  greater  than  that  between  the  former 
of  these  and  Lamb  or  Macaulay.  A  greater  difference,  moreover,  is 
shown  by  this  objective  test  between  the  above-mentioned  stories  of 
Kipling,  than  between  the  two  by  Howells,  or  the  two  by  James, 
although  a  period  of  over  twenty  years  elapsed  between  the  writing 
of  eacli  of  these  pairs. 

Table  I  shows  no  agreement  among  writings  of  the  same  genre, 
excepting  the  group  of  scientists.  Novelists  and  essayists  display  all 
varieties  of  accentuation  and  rhythm.  Ingersoll  differs  markedly 
from  his  fellow  orators.  The  two  journalistic  styles  form  a  strong  con- 
trast. But  although  Spencer  is  extreme  in  his  very  low  degree  of 
accentuation,  he  agrees  with  the  other  scientists  in  having  a  predomi- 
nance of  triple  feet. 

Some  illustrations  will  now  be  given  to  show  the  distinctness  with 
wiiich  prose  rhythm  occurs  in  different  rhythmical  types.  The 
firpit  is  a  sentence  from  "The  Little  Minister"  in  perfect  duple 
rhythm : 

"When  Gavin  came  to  Thrums,  he  was  as  t  am  now,  for  the 
pages  lay  before  him  on  which  he  was  to  write." 

The  next  is  a  sentence  from  Macaulay's  "Essay  on  Milton,"  in 
which  triple  rhythm  is  dominant: 

On  the  rich  and  the  eloquent,  on  nobles  and  priests,  they  looked 
down  with  contempt;  for  they  esteemed  themselves  rich  in  a  more 
precious  treasure  and  eloquent  in  a  more  sublime  language,  nobles 
by  the  right  of  an  earlier  creation  and  priests  by  the  imposition  of 
a  mightier  hand. 

In  the  following  from  Jeremy  Taylor  there  is  an  alternation  of 
duple  and  triple : 

It  bowed  the  head  and  broke  its  stalk,  and  at  night  having  lost 
some  of  its  leaves  and  all  its  beauty,  it  fell  into  the  p6rtion  of 
weeds  and  outworn  faces. 
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Finally  a  passage  from  the  writing  of  Thompscm-Setoii  is  giyen, 
arranged  as  regular  blank  verse : 

So  in  this  land  of  long,  long  winter  night, 
Where  nature  stints  her  joys  for  six  hard  months, 
Then  owns  her  debt  and  pays  it  all  at  once, 
The  spring  is  glorious  compensation  for  the  past. 
Six  months'  arrears  of  joy  are  paid  in  one 
Vast  lavish  outpour.* 

The  Bible  is  a  great  treasury  of  rhythmical  English  prose.  Ex- 
amples of  sentences  in  perfect  triple  rhythm,  and  even  regular  hex- 
ameters, may  be  found  almost  anywhere  in  the  book.  A  few  such, 
from  a  larger  collection,  are  here  given: 

How  art  thou  fallen  from  Heaven,  0  Lucifer,  son  of  the  morning. 
Is.  14:  :12. 

God  is  gone  up  with  a  shout,  the  Lord  with  the  sound  of  the 
trumpet.     Ps.  47  :  5. 

For  the  earth  shall  be  filled  with  the  knowledge  of  the  glory  of 
the  Lord,  as  the  waters  cover  the  sea.    Hab.  2  : 4. 

We  have  eaten  and  drunk  in  thy  presence  and  thou  hast  taught 
in  our  streets.    Luke  18  :  26. 

He  looseth  the  bonds  of  kings  and  girdeth  their  loins  with  a 
girdle.    Job  12  :  18. 

Mischief  shall'  come  upon  mipchief  and  rumor  shall  be  upon 
rumor.     Ps.  18  :  15. 

Cease  then  and  let  me  alone  that  1  may  take  comfort  a  little. 
Job  10  :  20. 

Be  as  the  sands  of  the  sea  which  cannot  be  measured  or  numbered. 
Hos.  1 :  10. 

Wall  of  the  daughter  of  Zion,  lot  tears  run  down  like  a  river. 
Lam.  2  :  18. 

A  few  examples  of  perfect  duple  rhythm  from  the  Bible  foDow: 

He  casteth  forth  his  ioe  like  morsels. 

Who  can  stand  before  his  cold? 
He  giveth  snow  like  wool. 

Ps.  58. 

The  sea  and  all  that  in  them  is. 
Who  keepeth  truth  forever. 

Ps.  146. 

Take  my  yoke  upon  you  and  learn  of  nie.    Matt.  11  :  29. 

Deaih  i?  swallowed  up  in  victory;  0,  death  where  is  thy  sting? 
0,  grave  wlnTC  is  thy  victory."   I  Cor.  xv. 

1  Atlantic  Monthly,  90:283. 
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Division  into  lines,  which  present  rhythmical  units  to  the  eye, 
is  one  of  the  principal  distinguishing  marks  of  poetry.  But  prose 
has  its  rhythmical  units  also.  These  are  not  presented  to  the  eye 
as  are  the  lines  of  poetry,  but  the  voice  in  reading  calls  attention  to 
them  by  pauses.  These  phrasal  sections  are  often,  but  not  always, 
marked  out  by  the  punctuation. 

The  part  of  the  sentence  before  the' copula,  the  subject,  usually 
fonns  a  phrasal  section  of  the  kind  here  meant,  although  it  is  seldom 
separated  by  punctuation.  The  pause  after  the  statement  of  the 
subject  can  be  readily  perceived  in  one's  own  reading.  In  the  preced- 
ing sentence,  for  instance,  there  seems  to  the  writer  a  distinct  pause 
before  "can."  The  fact  has  been  verified  in  a  number  of  examples  by 
having  one  person  read  while  three  others  noted  the  pauses  by  writ- 
ing down  the  words  after  which  they  occurred.  There  is  no  pause 
after  the  subject  if  the  subject  is  very  short,  or  has  been  fully  sug- 
gested in  the  previous  sentence.  There  is  no  pause  after  "He'*  in 
the  following  sentence.  "He  was  always  laying  himself  at  the  feet 
of  some  eminent  man."  The  real  subject  of  a  proposition  some- 
times does  not  coincide  with  the  grammatical  subject.  In  such  cases 
the  position  of  the  pause  indicates  the  true  division.  In  the  follow- 
ing sentence,  for  example,  it  is  after  "night,"  not  after  "It."  "It  was 
a  dark  night  between  two  sunny  days."  Compare  this  with  the  sen- 
tence that  succeeds  it  in  Macaulay's  text,  "The  age  of  the  Macenases 
had  passed  away,''  where  the  pause  divides  the  sentence  into  equal 
halves — ^the  subject  and  the  predicate. 

Considering  the  phrasal  section  in  prose  as  the  analogue  of  the 
verse  in  poetry,  the  question  arises  whether  the  phrases  within  a  given 
piece  of  prose,  like  the  verses  in  a  poem,  display  any  uniformity  of 
rhythmical  structure.  To  determine  this  point,  twenty  of  the  texts 
that  had  been  scanned  were  read  again  and  divided  into  phrasal  sec- 
tions. The  accents  in  each  phrase  were  then  counted.  Here  is  a 
passage  from  Macaulay  scanned  and  divided : 

What  silly  things  he  said  |  what  bitter  retorts  he  provoked  |  how 
at  one  place  he  was  troubled  with  evil  presentiments  |  which  came 
to  nothing  |  how  at  another  place  |  on  waking  from  a  drunken 
doze  I  he  read  the  Prayer-book  |  and  took  a  hair  of  the  dog  that  had 
bitten  him  |  how  he  went  to  see  men  hanged  |  and  came  away  maud- 
lin I  how  he  added  five  hundred  pounds  to  the  fortune  of  one  of  his 
babies  |  because  she  was  not  frightened  at  Johnson's  ugly  face  |  etc. 

Table  IX  gives  in  percentages  the  number  of  phrases  in  each 
selection  that  contained  one,  two,  or  more  accents — as  indicated  at 
the  head  of  each  column.    Decimals  have  been  omitted. 
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Table  IX. 


(Accents  per  phrase.) 


1 
%" 

Bassii    6 

KiPLixo — I.    M.    P 8 

HowELi^* — L.    L.    H 4 

DiCKCxs'     6 

RcSKiN — M.    P 4 

Milton    ll 

Bbowne    10 

Johnson     7 

Dr  Quincet   15 

:?ARLTLE      22 

liACAnLAY     12 

Lamb— p.    K 6 

Bmebson     7 

Holmes    « 

BrRKE    11 

Wersteu    8 

inqersull  21 

Times    (Hep.)    6 

Journal    22 

W.   Jam  k»    7 

Averages    10 

A.    D 


3 


% 
26 
24 
20 
29 
29 
19 
24 
32 
21 
31 
23 
28 
22 
26 
29 
15 
36 
35 
20 
21 

26 
4.7 


% 
33 
28 
28 
31 
29 
33 
44 
31 
29 
29 
27 
41 
38 
26 
26 
28 
26 
32 
30 
31 
33 
4.4 


% 
23 
21 
18 
19 
10 
22 
12 
19 
21 
11 
23 
16 
18 
18 
18 
20 
10 
14 
10 
24 

13 


% 
8 
9 

12 
6 

12 
6 
0 
7 
5 
4 
7 
2 
6 

12 
9 
0 
2 
9 
7 
9 

"7 


% 

1 


4 
3 
5 
1 
1 
6 

3 

1 


The  distributions  shown  in  Table  IX  are  so  much  alike  that  we  can- 
not on  the  strength  of  them  infer  distinctive  rhythmical  types  for 
various  selections.  There  are,  however,  a  few  exceptions.  Sir  Thomag 
Browne,  Lamb  and  Emerson  have  phrases  with  three  accents,  much 
above  the  average.  This  must  be  regarded  as  indicating  another  rhyth- 
mical effect  in  addition  to  that  discussed  in  connection  with  Table  I. 
The  figures  in  Table  I  were  rather  disappointing  for  Browne's  style, 
in  view  of  his  great  reputation  as  a  writer  of  rhythmical  prose.  The 
figures  in  Table  IX  supplement  those  of  Table  I  and  give  a  more  satis- 
factory explanation  of  his  reputation.  Ijamb,  it  is  known,  modeled 
his  stylo  to  a  great  extent  on  Browne's.  His  high  percentage  in 
column  3,  almost  as  high  as  Browne's,  seems  more  than  a  mere  co- 
incidence. In  column  2,  we  notice  IngersolTs  and  the  Times  re- 
porter's high  figures.  So  far  as  Ingersoll  is  concerned,  we  seem  to 
have  a  correct  register  of  the  short-phrased,  staccato  style  character- 
istic of  him. 

We  note  next  that  Table  IX  appears  to  show  a  central  tendency  as 
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a  whole  in  column  3.  The  fact  is  suggestive  of  Wundf s  "Geseta  der 
drei  Stufen/'^  Three  accents  form  a  sort  of  natural  unit-group,  per^ 
mitting  discrimination  of  "much,"  "more''  and  "most/^  A  Ger- 
man sentence  accented  and  divided  by  him  is  of  interest.  The  acute, 
the  grave  and  the  double-acute  accents  indicate  different  intensities. 

"Als  er  sich  den  Vorwurf  |  sehr  zuHerzen  zu  nehmen  schien  |  | 
und  immer  auf s  neue  betheuerte  I  dass  er  gewiss  gem  mittheile  |  gem 
fur  Freunde  thatig  sei  |  |  so  empiand  sie  |  dass  sie  sein  zartes  Gemiith 
verletzt  habe  |  und  sie  f  iihlte  sich  als  seine  Schiildnerin.'* 

Here  are  a  few  English  sentences  from  Lamb  to  illustrate  the 
phrase  of  three  accents,  degrees  of  accent  and  pause  being  ignored: 

*TBis  deportment  was  of  the  essence  of  gravity  |  his  words  few  or 
none  |  and  I  was  not  to  make  a  noise  in  his  presence." 

Awful  ideas  of  the  Tower  |  twined  themselves  about  his  pr^ 
ence. 

A  captive — a  stately  being  |  let  out  of  the  Tower  on  Saturdays. 

In  Wundt's  example  not  only  are  accents  grouped  in  threes,  but 
also  phrases.  The  single  and  double  bars  indicate  shorter  and 
longer  pauses.  There  are  three  long  phrases,  made  up  of  shorter 
ones,  sometimes  three  also,  in  the  whole  sentence. 

The  number  of  phrases  per  sentence  (phrases  distinguished,  as 
before  said,  by  sensible  pauses)  was  counted  in  the  selections  named 
in  Table  IX.  A  central  tendency  appeared  in  only  two  or  three  cases. 
Emerson  had  44  per  cent,  of  two-phrased  sentences.  Burke,  had  33 
per  cent,  of  three-phrased  sentences.  The  frequency  of  two-phrased 
sentences  in  Emerson  is  probably  due  to  his  large  proportion  of 
simple  sentences. 

The  question  may  be  raised  whether  we  have  a  right  to  speak  of 
the  "rhythm"  constituted  by  phrases  that  are  uniform  only  in  respect 
to  the  number  of  accents  contained  in  them,  disregarding  unaccented 
syllables.  Some  answer  to  this  question  was  given  in  the  early  part 
of  the  essay.  Another,  perhaps  more  forcible  one,  is,  that  poetry 
meant  to  be  and  accepted  as  rhythmical  has  been  in  many  languages 
constructed  on  exactly  this  principle.  The  rhythm  of  the  German 
Nibelungenliel  is  composed  of  main  accents,  the  unaccented  syl- 
lables not  being  counted.  The  same  principle,  besides  alliteration 
and  balance,  is  employed  in  Old-English  poetry.  In  the  earliest 
Anglo-Saxon  manuscripts  the  lines  were  written  in  the  same  way  as 
in  prose,  rhythmical  divisions  being  indicated  by  punctuation.  Later, 
the  lines  were  written  as  in  modern  poetry,  and  half-lines  were  marked 
by  punctuation;    or  the  half-lines  were  written  one  below  the  other 

1  Voelkerpsychologie,  Theil  1,  Bd.  2,  S.  391. 
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88  lines.    The  following  from  Piers  Plowman  is  an  iUuatratioii,  each 
line  88  printed  being  a  so-called  ^%alf-line": 

There  preached  a  pardoner 

As  he  a  priest  were 
Brought  forth  a  bull 
'  With  many  Ushop's  seals. 

In  habite  as  an  heremite 

Unholy  of  workes 
Went  wyde  in  this  world 

Wondres  to  here. 

Each  half-line  corresponds  closely  to  what  has  been  called  above 
a  phrasal  section.  Each  contains  two  "heavy"  words.^  The  '*heavy** 
words  of  the  first  half-line  are  distinguished  by  an  alliterative  con- 
sonant, which  re-appears  in  the  "heavy"  word  of  the  second  half-line. 
The  number  of  unaccented  syllables  is  disregarded.  When  many, 
they  are  hurried  over.  We  have  here  a  rhythm  of  main  concepts  fol- 
lowing in  approximately  equal  times.  The  times  are  conditioned 
but  not  strictly  determined  by  the  intervening  unaccented  syllables. 

Most  scholars  now  hold  that  the  ancient  Hebrew  poets  considered 
only  the  syllables  receiving  the  accent.  The  subject  has  been  studied 
with  great  care  by  Sievers,  Konig  and  others.  Konig  points  out  that 
the  popular  poetry  heard  at  the  present  day  in  Palestine  is  also  of 
this  character: 

"Lines  with  two,  three,  four  and  five  accented  syllables  may  be 
distinguished,  between  which  one  to  three  and  even  four  unaccented 
syllables  may  be  inserted,  the  poet  being  bound  by  no  definite  num- 
ber in  his  poem.  Occasionally  two  accented  syllables  are  joined. 
.  .  .  .  The  symmetry  and  variation  Being  determined  by  emo- 
tion and  sentiment."^ 

The  metrical  theory  which  Coleridge  meant  to  exemplify  in 
"Christabel,"  was  practically  the  same  as  that  here  described.  But 
Coleridge  held  that,  although  the  number  of  unaccented  syllables 
might  vary,  the  number  of  accents  must  remain  the  same  in  every 
line.  Something  of  the  same  sort  may  be  seen  in  Milton's  "Samson 
Agoni^tes,"  and  Whitman  ranges  from  the  strict  limits  of  modern 
conventional  verse  to  a  freedom  that  is  less  rh}i;hmieal  than  good 
prose. 

When  one  considers  the  comparatively  artificial  means  forced  upon 
poetry  for  rhythmical  purposes,  it  appears  as  if  rhythm  in  prose 
must  be  a  purely  accidental  effect.     A  little  study  will  convince  us 

1  Skeat,  Tntrod.  to  Piers  Plowman.     Clarendon  Press. 
I  Koenlg  Stylistik,  Rhetoric,  Poetik,  p.  305,  1900. 
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that  prose  is  not  so  naive  and  helpless  as  we  might  suppose.  It  has  at 
command  a  variety  of  means  for  creating  rhythm. 

There  are  in  the  first  place  short  and  long  words.  Table  II  gave 
the  average  word-length  in  each  selection  along  with  the  average 
foot-length.  The  fact  of  correlation  between  the  two  is  apparent. 
On  applying  the  Pearson  formula  for  the  coeflBcient  of  correlation  we 
get  r  =  .76 — ^which  is  high.^  This  means  that  to  a  large  extent  short 
**feef*  go  together  with  short  words,  and  long  "feet"  with  long  words. 

The  correlation,  as  the  coefiScient  shows,  is  not  perfect  Barriers 
prose  has  the  fewest  syllables  per  word  in  the  table,  next  to  the  blank 
verse  of  "The  Princess.''  But  his  average  foot,  though  short,  is  not 
the  shortest.  Buskin's  *^odem  Painters"  comes  next  in  word-length, 
but  is  shortest  in  foot-length.  Spencer  has  both  the  longest  foot- 
length  and  word-length.  Howells'  L.  L.  H.,  Webster,  and  Huxley^s 
Preface,  on  the  other  hand,  which  have  the  same  average  foot- 
length,  show  considerable  variety  of  word-length. 

Choice  of  words  is  partly  dependent  on  the  nature  of  the  sub- 
ject, but  to  a  large  extent  it  is  an  outcome  of  the  writer's  personality. 
It  may  be  wholly  a  matter  ot  individual  taste  whether  in  a  certain 
context  one  shall  write,  "man,"  '%uman  being,"  "gentleman,"  "im- 
mortal soul,"  "old  boy,"  "chap,"  or  "fellow."  He  may  know  all  these 
words,  but  his  selection  will  be  dependent  on  his  feelings,  his  mood 
and  his  training. 

Flauberf s  maxim,  that  for  every  position  in  a  sentence  there  is 
but  one  right  word,  is  a  proposition,  like  the  dogma  of  predestination 
in  general,  that  cannot  be  proved  or  disproved.  It  is  true  that  hav- 
ing once  begun  a  phrase  in  a  particular  way  a  writer  is  bound  to  con- 
tinue in  the  same  form  of  construction,  and  having  written  one  kind 
of  word  another  of  a  certain  kind  is  expected  to  follow.  But  within 
these  limits  his  liberty  is  great.  The  actually  written  word  holds 
the  field  by  right  of  possession,  and  rarely  does  a  reader  take  the 
trouble  to  re-think  the  thought  in  difiEerent  language.  It  is  the 
writer's  privilege  to  express  the  thought  as  it  is  in  his  own  rather  than 
in  the  reader's  mind.  The  reader  may  sometimes  say  that  he  him- 
self would  not  have  written  so,  but  he  cannot  say  that  the  writer  has 
not  written  what  he  intended. 

Something  of  the  individual  liberty  of  the  writer  Is  well  illus- 
trated  in  the  following  couple  of  sentences  from  Thackeray's  "Vanity 
Fair": 

'Tliove  was  Miss  Amelia  Sedle/s  last  tutoress,  and  it  was  amazing 
what  progress  our  young  lady  made  under  that  popular  teacher.    In 

iThorndike,  Mental  and  Social  Measurements,  p.  123,  1904. 
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the  course  of  fifteen  or  eighteen  months'  daily  attention  to  this  emi- 
nent finishing  governess^  what  a  deal  of  secrets  Amelia  learned." 

There  are,  no  doubt,  subtle  differences  of  meaning  between  '^Mias 
Amelia  Sedley,"  "our  young  lady**  and  plain  "Amelia**;  between 
"tutoress,"  "popular  teacher"  and  "eminent  finishing  govemesB.'* 
But  who  will  say  that  mere  sound  did  not  play  an  important  part  in 
determining  the  selection  of  these  synonyms?  "It  sounds  better,"  is 
A  principle  of  rhetoric  often  invoked  by  school-children.  Perhaps 
their  reason  is  more  nearly  rie:ht  than  their  reproving  teachers 
usually  admit.  Madame  de  Stael  is  said  to  have  taken  great  pleasure 
in  listening  to  meaningless  verses.  "That  is  what  I  call  poetry,"  ahe 
would  say;  "it  is  delicious  and  so  much  the  more  that  it  does  not 
convey  a  single  idea  to  me/' 

Prof.  James  refers  to  the  uncritical  way  in  which  meaningless  com- 
binations of  words  in  prose  are  often  read.*  The  illusion  of  a  mean- 
ing, he  thinks,  is  due  to  the  correctness  of  the  grammatical  stmctore 
and  to  the  fact  that  the  words  belong  to  the  same  special  vocabulary, 
in  the  same  language.  A  conventional  rhythm  seems  also  to  con- 
tribute to  the  effect.  In  the  example  he  quotes  from  a  newspaper 
reporter:  "The  birds  filled  the  tree-tops  with  their  morning  song, 
making  the  air  moist,  cool  and  pleasant,"  it  seems  that  the  reporter 
was  bound  to  have  an  evenly  divided  sentence  with  a  rise  and  a  sus- 
pension of  the  voice  in  the  middle.  Had  he  put  a  full  stop  after 
"song,"  omitted  "making"  and  supplied  a  copula  for  his  ^ond  sen- 
tence, he  would  have  written  sense,  but  his  tune  would  have  been 
gone.  The  presence  of  the  tune  induces  the  reader  to  overlook  such 
a  minor  slip  as  that  of  bird-songs  making  the  air  moist.  The  three 
adjectives  at  the  close  of  the  sentence  are  additional  evidence  that 
the  writer  was  being  led  by  a  preconceived  rhythm. 

Arrangement  of  words  is  another  means  of  controlling  rhythm 
in  prose.  The  order  of  words  in  a  sentence  is  in  large  measure  fixed 
by  the  conventionalities  of  syntax.  It  is  more  rigidly  prescribed 
in  analytical  languages  like  English  and  French  than  in  inflectional 
languages  like  Greek  and  Latin.  In  the  former,  the  order  of  the 
words  is  depended  upon  to  show  the  grammatical  relations,  an  office 
that  in  the  latter  is  performed  by  word-endings.  Transpositions  in 
the  inflectional  languages  produce  changes  of  emphasis  without  con- 
fusing grammatical  relations.  "Romulus  Romam  condidit"  may  be 
said  in  six  different  ways — with  every  possible  transposition  of  the 
words.  The  meaning  in  each  case  is  clear;  the  emphasis  different. 
In  English  the  subject  of  the  verb  must  as  a  rule  precede  it  in  order 
to  be  known  as  the  subject. 

1  Principles  of  Psychology,  vol.  1,  p.  263. 
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This  fixedness  of  the  order  of  words  in  English  may,  however, 
easily  be  exaggerated.  There  is  no  lack  of  clearness  in  this  sentence 
of  Carlyle's,  "Him  Heaven  had  kneaded  of  much  more  potent  stuff,'' 
nor  would  there  be  in  a  different  transposition  like,  "Of  much  more 
potent  stuff  had  Heaven  kneaded  him."  Anthony  Trollope  writes, 
*TIer  it  was  his  custom  to  visit  early  in  the  afternoon" ;  which  might 
also  be  written,  "To  visit  her  early  in  the  afternoon  was  his  cus- 
tom,''  or  "His  custom  was  to  visit  her  early  in  the  afternoon." 

The  general  principle  underlying  the  order  in  which  words  occur 
in  a  sentence  is,  that  the  portion  of  thought  most  vivid  in  the  speak- 
er's or  writer's  mind  tends  to  get  itself  uttered  first.  The  order  of 
words  in  expression,  moreover,  tends  to  conform  to  the  order  of  per- 
ception. "Since  it  often  hapix»ns  that  some  striking  detail  arrests 
the  attention  first,  while  the  more  important  event  only  shows  later, 
or  an  obvious  effect  is  more  apparent  than  its  hidden  cause,  so  the 
same  order  is  more  effective  in  language  discourse."'  The  instant 
of  conception  and  utterance  is  the  important  moment  in  expression. 
Individuality  is  stamped  upon  the  thought  at  this  moment,  and  one 
of  the  marks  of  this  individuality  is  the  order  in  which  the  words 
are  produced. 

The  importance  of  the  order  of  words  has  been  recognized  by 
both  ancient  and  modem  rhetoricians.  Dionysius  of  Halicarnassus 
claimed  that  the  choice  of  words  was  not  of  as  much  importance  as 
their  arrangement.  The  ancients  taught  that  the  order  of  words 
should  be  determined  by  the  more  or  less  harmonious  collocation  of 
the  letters  at  the  end  and  be^jinning  of  words  that  follow  each  other, 
by  the  rhythmic  movement  of  successive  long  and  short  syllables,  and 
by  effects  of  euphony  of  which  the  ear  alone  is  competent  to  judge.* 

The  nature  of  the  transition  from  thought  to  thought  has  an 
influence  in  helping  or  hindering  the  rhythm  of  prose.  The  reader 
requires  sequence  of  time  in  narration,  some  definite  order  of  space 
relationship  in  description,  the  relation  of  cause  and  effect,  of  sub- 
ordination and  coordination  or  of  unfolding  and  explanation  of  con- 
cepts. The  presence  of  such  clearly  perceived  ties  produces  smooth- 
ness and  easily  moving  style.  Their  absence  results  in  incoherency. 
Ellipses,  digressions,  collateral  ideas  check  the  flow  of  thought. 
Rhythm  becomes  impossible. 

Not  only  in  the  choice  and  arrangement  of  his  words  and  in  his 
method  of  joining  thought  with  thought  has  the  writer  of  prose  in- 
dividual liberty,  but  he  may  modify  the  very  form  and  substance  of 
his  thought  to  suit  his  purpose.     It   is  often  a  matter  of  no  conse- 

»  Lotze,  Mikr.    Bk.  IV,  ch.  3.  (trans,  by  Hamilton  and  Jones,  1886.) 
«  Weil,  "Order  of  Words,"  p.  11. 


32  RHYTHM   IN   PROSE. 

quence  to  him  what  the  particular  character  of  a  proposition  in  a 
given  place  in  his  discourse  shall  be.  What  he  is  interested  in  is  the 
further  thought  to  which  it  leads.  It  may  make  no  differ^ice  to  him 
whether  he  say,  "A  full  moon  shone  in  the  heavens/'  or  'It  was  a 
bright  moonlight  night/'  or  "The  earth  was  suffused  with  a  kind 
of  weak  daylight."  The  point  he  wishes  to  make  is  that  a  certain 
thing  could  be  seen.  So  he  attain  his  end,  it  does  not  much  matter 
whether  the  statement  that  gets  him  there  be  active  or  passive,  literal 
or  figurative,  or  whether  he  use  one  figure  rather  than  another. 

In  his  use  of  figures  he  is  not,  however,  free  from  all  limitations, 
as  is  often  rashly  assumed.  He  must  obey  certain  natural  associations. 
Material  images  more  or  less  luminous  arise  spontaneously  in  the 
mind  with  every  thought  and  furnish  its  vestment.^  There  is  no 
creation  of  metaphors  in  good  writing;  there  is  but  a  limited  selec- 
tion. 

The  true  metaphor,  which  is  a  naming  by  one  term  of  two  con< 
cepts,  arises  in  the  mind  at  the  moment  of  utterance  because  of  a 
resemblance  between  the  two  concepts  in  some  essential  particular 
and  an  actual  blending  of  the  two.^  When  the  poet  says,  ''fear 
chalked  her  face,"  or  "  I  stole  from  court  cat-footed  through  the 
town,"  there  has  been  no  deliberate  putting  together  of  distinct 
images.  The  two  ideas  came  together  originally  and  have  not  been 
separated. 

Artificial  figures  affect  the  sensitive  reader  as  evidence  of  insin- 
cerity. Their  use  for  the  sake  of  rhythm  only  adds  to  the  impression 
that  there  is  an  attempt  at  imposition.  A  writer  on  nature  subjects 
has  the  sentence,  "All  the  eastern  sky  is  glowing  amber;  westward 
riding  high,  the  moon  stares  from  the  empyrean  of  cold  azure  washed 
with  silver,  a  disc  of  polished  brass."  We  feel  pretty  sure  the  writer 
of  that  did  not  see  all  the  images  in  the  relations  in  which  he  puti 
them  in  his  sentence.  If  he  insist  that  he  did,  we  must  conclude  that 
his  mind  works  in  ways  that  are  exceptional  and  abnormal.  The 
particular  figure  to  be  used  cannot  be  prescribed  or  predicted  from 
the  outside.  There  is  a  large  field  for  individual  variation,  but  the 
associated  images  must  be  recognized  as  occurring  together  in  some 
considerable  number  of  human  minds.  There  is  no  hesitation  gener- 
ally in  naming  metaphors  like  '^air  shot  through  with  sunset  spikes 
of  gold/'  and  lips  "with  musical  curves/'  false  and  strained. 


1  Emerson.  Nature,  Chapter  IT. 

«  Buck,  "Metaphor,  a  Study  in  the  Psychology  of  Rhetoric,"  1890. 
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The  rhythms  that  have  occupied  our  attention  thus  far  have  been 
phonetic.  Accentual  rhythm  is  indeed  the  external  form  of  thought 
rhythm,  the  significant  in  thought  coinciding  with  the  phonetically 
accentuated.  But  there  are  thought  rhythms  not  so  closely  con- 
nected with  sound  rhythm.  Rhythms  of  this  sort  may  be  called 
logical.  The  rhythmical  units  are  thoughts  repeated  in  form  or  sub- 
Btance,  or  changing  in  a  regular  way.  It  will  be  convenient  to  intro- 
duce this  part  of  our  subject  by  reference  to  a  language  other  than 
English  in  which  the  principles  of  logical  rhythm  have  been  to  some 
extent  recognized  and  formulated. 

Biblical  scholars  have  termed  the  logical  rhythm  of  the  Bible 
^'parallelism  of  members."  This  is  a  rhythm  over  and  above  that 
accentual  rhythm  of  the  Bible  already  referred  to.  The  Hebrew  text 
of  the  Bible  is  elaborately  punctuated  to  indicate  syntactical  and 
logical  groupings  of  words.*  The  characters  used  for  punctuating 
are  called  accents,  but  are  rather  of  the  nature  of  musical  notes  to 
guide  the  public  reader.  Different  degrees  of  coherence  and  of  separa- 
tion are  indicated  by  different  characters.  This  system  of  punctua- 
tion was  first  instituted  in  the  poetical  books  but  was  applied  later 
to  the  prose  books  also. 

The  principle  of  parallelism  predominates  in  the  poetical  books. 
The  parsJlelism  may  be  of  several  kinds.  The  first  and  second  mem- 
bers may  state  the  same  thought  in  different  words ;  the  second  mem- 
ber may  state  a  thought  antithetical  to  the  first;  the  second  member 
may  echo  or  supplement  the  first.  The  parallelism  may  also  subsist 
among  three  members.  In  such  case  all  three  may  be  coordinate 
expressions  of  the  same  thought,  or  the  last  two  may  supplement 
the  first,  or  the  first  two  may  be  coordinate  and  supplemented  by 
the  third.  The  main  divisions  in  all  these  cases  are  indicated  by  the 
principal  accent  or  punctuation  mark. 

Examples  of  these  parallelisms  are: 

Jehovah,   rebuke   me   not   in   thine  anger    {| 
Neither  chasten  me  in  thy  hot  displeasure. 

A   soft   answer   turneth   away   wrath    || 
But  a  grievous  word  bringeth  up  anger. 

Life  he  asked  of  thee ;  thou  has  given  it  him :  |  | 
I^ength  of  days  forever  and  ever. 

They  have  hands  but  they  handle  not  | 
Feet  have  they  but  they  walk  not  || 
Neither  speak  they  through  their  throat. 

1  Wickee,  Accents  of  the  Prose  Books  of  the  Bible,  1881. 
"      roetical     "  **  "     1887. 
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Each  member  of  each  group  is  further  subdivided  and  punctuated 
to  show  its  syntactical  and  logical  structure.  These  points  of  the 
second  order  are  placed  approximately  at  the  phonetic  middle  of 
each  clause,  tending  to  produce  evenly  balanced  groups  of  sounds, 
and  in  some  cases  where  adherence  to  the  logical  grouping  of  the 
words  would  result  in  an  unsymmetrical  division,  the  accent  is  shifted 
to  a  more  agreeable  position. 

In  this  subdivision  of  the  clauses,  phrasal  sections  are  marked 
out  corresponding  to  the  phrasal  sections  we  have  already  noted  in 
English.  The  principles  of  division  are  similar.  When  the  subject 
precedes,  it  is  generally  marked  off  from  the  rest  of  the  sentence : 

"And  the  earth  |  was  waste  and  void." 

When  the  object  precedes,  which  implies  that  it  is  to  be  especially 
emphasized,  it  is  marked  off: 

"A  laughing  stock   |    has  God  made  me." 

Adverbial  and  pref)ositional  phrases  at  the  beginning  of  a  sentence 
are  set  off: 

"As  for  the  man  |  he  found  no  helpmate." 

Turning  now  to  English,  we  find  that  balance  of  clauses  and 
phrases,  as  it  is  called,  differs  from  the  parallelism  of  the  Bible  only 
in  the  fact  that  the  principles  underlying  coordination  and  subordina- 
tion of  the  members  in  the  modern  language  are  of  greater  subtlety. 
The  relation  of  part  to  part  is  of  a  more  intellectual  character;  the 
connecting  links  are  more  finely  discriminated. 

In  the  "Euphuism"  of  the  sixteenth  century,  which  marks  tlie 
beginning  of  the  formation  of  an  English  prose  style^  parallelism 
and  balance  ran  riot.  Besides  alliteration,  consonance,  rhyme  and 
plays  upon  words,  we  find  a  profusion  of  twin  phrases  and  parallel 
clauses,  and  the  most  elaborate  antithesis  of  well-balanced  sentences. 
The  artificiality  of  the  euphuistic  style  is  what  most  impresses  a 
modern  reader.  But  the  same  devices  as  those  employed  there  may 
be  found  more  or  less  in  all  artistic  prose. 

We  may  take  for  example  the  first  paragraph  of  Macaulay's  Es- 
say on  Boswell's  "Life  of  Johnson."* 

"The  Life  of  Johnson  is  assuredly  a  great — a  very  great  work. 
Homer  is  not  more  decidedly  the  first  of  heroic  poets,  Shakespeare 
is  not  more  decidedly  the  first  of  dramatists,  Demosthenes  is  not 
more  decidedly  the  first  of  orators,  than  Boswell  is  the  first  of  biog- 

1  Gamett,  "English  Prose  from  Elizabeth  to  Victoria."  p.  4.  1891. 
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raphers.  He  has  no  second.  He  has  distanced  all  hi3  competitors 
8o  decidedly  that  it  is  not  worth  while  to  place  them.  Eclipse  is 
first,  and  tie  rest  nowhere.*' 

The  first  sentence  contains  repetition  in  the  predicate.  The 
rhythm  of  thought  in  the  second  sentence,  consisting  of  clauses 
of  the  same  form  but  of  different,  though  analogous,  meaning,  is 
obvious.  The  fourth  sentence  would  in  Biblical  style  be  expressed 
without  the  correlatives  "so — that."  These  words  in  the  English 
sentence  disguise  but  do  not  destroy  the  parallelism.  The  fifth  sen- 
tence is  distinctly  balanced. 

It  may  be  thought  that  Macaulay  is  exceptionally  fond  of  these 
effects.  But  open  a  book  by  a  very  different  sort  of  writer,  at  ran- 
dom. Let  it  be  Stevenson's  "Amateur  Emigrant."  The  chapter 
happens  to  be  "Steerage  Types."  The  first  sentence  of  the  first  para- 
graph contains  repetition  of  the  same  part  of  speech.  The  second 
sentence  is,  "Even  in  these  rags  and  tatters,  the  man  twinkled  all 
over  with  impudence  like  a  sham  piece  of  jewelry  |  and  I  have  heard 
him  offer  a  situation  to  one  of  his  fellow  passengers  with  the  air 
of  a  lord."  Here  the  second  member  states  specifically  what  the 
first  has  expressed  in  general  terms.  This  corresponds  to  the  form 
of  Biblical  parallelism  named  "synonymous," 

"0  Jehovah,  my  God,  thou  art  very  great. 
Thou  art  clothed  with  honor  and  majesty." 

The  third  sentence  is,  "Nothing  could  overlie  such  a  fellow;  [  a 
kind  of  base  success  was  written  on  his  brow."  This  is  of  the 
same  kind  as  the  preceding.  The  fourth  sentence:  "He  was  then  in 
bis  ill  days ;  |  but  I  can  imagine  him  in  Congress  (with  his  mouth  full 
of  bombast  and  sawder,"  is  antithetical.  The  next  two  sentences 
are  respectively  synonymous  and  antithetical :  "As  we  moved  in  the 
same  circle,  |  I  was  brought  necessarily  into  his  society."  "I  do 
not  think  I  ever  heard  him  say  anything  that  was  true,  kind  or 
interesting,  |  but  there  was  entertainment  in  the  man's  demeanor." 
The  last  sentence  of  the  paragraph  is  simple  and  the  only  one  that 
does  not  contain  balance  or  parallelism. 

If  it  be  objected  that  between  the  members  of  the  parallel  clauses 
that  have  been  cited  as  examples,  a  variety  of  logical  relationships 
may  be  discriminated,  and  is,  in  fact,  indicated  by  the  connecting 
particles,  it  should  be  observed  that  such  logical  relations  exist  be- 
tween the  members  of  the  Biblical  parallel  groups  also,  although  the 
connecting  particles  are  absent.  The  explicit  statement  of  the  logical 
relation  between  consecutive  clauses  is  even  in  modem  English  largely 
a  matter  of  taste  with  the  writer.    The  essential  thing  is  that  the 
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relation  be  there.  But  connectives  indicating  condition,  caiue,  con- 
sequence^ etc.^  are  not  wholly  lacking  in  Biblical  paraQdism.  Con- 
dition^ for  instance,  is  expressed  in, 

"Except  Jehovah  keep  the  city. 
The  watchman  wakeih  but  in  vain." 
Causal  relation  is  expressed  in, 

"I  have  not  turned  aside  from  thy  judgments. 
For  thou  has  taught  me." 
In 

Thou  are  my  hiding  place  and  my  shield 
I  hope  in  thy  word." 

The  causal  relation  is  just  as  clearly  given  without  a  connective. 

Bepetitions  of  the  same  form  of  phrase  with  different  but  allied 
meaning  constitute  another  order  of  thought  rhythm.  A  celebrated 
passage  of  Burke's  will  illustrate  this: 

"Never,  never  more  shall  we  behold  that  generous  loyalty  to  rank 
and  sex,  that  proud  submission,  that  dignified  obedience,  that  sub- 
ordination of  the  heart,  which  kept  alive,  even  in  servitude  itself, 
the  spirit  of  an  exalted  freedom.  The  unbought  grace  of  life,  the  cheap 
defence  of  nations,  the  nurse  of  manly  sentiments  and  heroic  enter- 
prise is  gone.  It  is  gone,  that  sensibility  of  principle,  that  chastity 
of  honour  which  felt  a  stain  like  a  wound,  which  inspired  courage 
while  it  mitigated  ferocity,  which  ennobled  whatever  it  touched, 
and  under  which  vice  itself  lost  half  its  evil  by  losing  all  it«  gross- 
ness." 

The  same  type  of  word  or  word-group  recurring — verb,  noun,  ad- 
jective, or  noun  with  adjective — gives  another  rhythmic  effect.  The 
last  sentence  of  IngersolFs  lecture  on  "Domestic  Happiness'*  may  be 
quoted  as  an  example : 

"I  would  rather  have  lived  and  died  unnoticed  and  unknown,  ex- 
cept by  those  who  loved  me,  and  gone  down  into  the  voiceless  silence 
of  the  dreamless  dust,  than  to  have  been  that  imperial  impersonation 
of  force  and  murder  who  covered  Europe  with  hlood  and  tears." 

Orations  are  more  artificial  than  other  forms  of  prose.  But 
we  find  the  same  kind  of  rhythm  in  the  quietest  sort  of  writing. 
Scott,  for  instance,  has: 

"The  sun  was  setting  upon  one  of  the  rich,  glassy  glades  of  that 
forest  which  we  have  mentioned  in  the  beginning  of  the  chapter. 
Hundreds  of  broad-headed,  short-stemmed,  wide-branched  oaks,** 
etc. — "in  some  places  they  were  intermingled  with  beeches,  hollies 
and  copsewood  of  various  descriptions  so  closely  as  totally  to  inter- 
cept the  level  beams  of  the  sinking  sun," 

And  in  the  still  more  placid  writing  of  Howells'  "London  Films" 
we  have: 
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"It  was  having  apparently  the  time  of  its  life,  and  really  the  place 
was  enchanting  with  its  close-cropped,  daisy-starred  lawns,  and  the 
gay  figures  of  polo  players  coming  home  from  a  distant  field  in  the 
pale  dush  of  a  brilliant  day  of  early  June" 

The  rhythm  of  parallelism  may  be  further  seen  in  proverbs  and 
catch-phrases,  which  are  intended  to  strike  the  attention  and  be  re- 
membered. ^Ttfan  proposes,  God  disposes.'*  *TVords  are  the  counters 
of  the  wise  and  the  money  of  the  fools.**  '^Charity  creates  much  of  the 
misery  it  relieves,  but  does  not  relieve  all  the  misery  it  creates.** 
*The  greatest  happiness  of  the  greatest  number.**  "High  life,  below 
stairs.**  In  all  these  illustrations,  it  is  evident,  phonetic  rhythm 
accompanies  thought  rhythm  at  every  step. 

An  attempt  has  been  made  to  show  a  characteristic  rhythm  ol 
judgments  for  different  writers  by  counting  the  number  of  predi- 
cations in  each  sentence  and  finding  the  average  per  sentence  in  a 
large  number  of  periods.^  The  average  of  predications  per  sentence 
in  500  periods  of  any  author  who  has  "achieved  a  style,'*  according 
to  Gerwig,  is  approximately  the  average  of  his  whole  book.  He  gives 
a  record  of  his  count  for  100  representative  authors.  The  figures 
showing  a  pretty  uniform  average  of  predications  per  sentence  in 
Macaulay  during  a  long  period  of  years,  are  here  reproduced : 

Number    Ay.  Pred.  Per  cent 
of  per  of 

Date.        Period!.     Period.  Simp.  lent. 

BOTAL  Soc.  or  Lit 1823 

Dantb    1824 

Milton     1826 

ICachiatelli    1827 

ESSAT    ON    HiSTOBT 1828 

Dbtden     1828 

D'Abblat    1843 

Addison     1843 

Attebbubt    1853 

BUNTAN * 1854 

Goldsmith    1866 


Since  these  figures  represent  only  explicit  predications,  they  do 
not  really  give  us  a  census  of  judgments  in  these  works,  for  there 
are  various  ways  of  expressing  a  judgment  while  avoiding  explicit 
predication.  A  judgment  may  be  uttered  in  the  one  word  'TlainT* 
and  according  to  the  intonation  it  may  mean,  "The  rain  is  falling,*' 

1  Gerwig,  "On  the  Decrease  of  Predication,  etc."  U.  of  N.  Studies, 
vol.  n,  No.  1..  1SQ4. 
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"The  rain  will  soon  fall,"  "I  fear  it  may  rain,"  etc.*  Explicit  predi- 
cation may  be  avoided  by  the  use  of  absolute  constructions — ^Caesar 
having  reached  the  Eubicon";  by  appositives — ^^'Caesar,  a  Roman, 
general";  by  conjunctions  without  copulas — "Caesar  was  a  Boman 
and  the  conqueror  of  Gaul";  by  prepositions  instead  of  conjunctions, 
copulas  or  conjunctions  with  copulas — ^^Taesar  was  a  Soman  with 
few  equals  in  military  genius";  by  phrases  for  clauses,  by  suggestive 
words  for  phrases,  by  present  and  past  participles.  A  imifonn 
average  of  predications  in  successive  sections  of  a  prose  work,  there- 
fore, must  be  considered  as  indicating  a  rhythm  composed  of  judg- 
ments, indeed,  but  not  a  rhythm  formed  of  all  the  judgments. 

Sherman  has  found  that  every  writer  has  a  characteristic  sen- 
tence rhythm  throughout  his  works.*  Historically  the  English  sen- 
tence has  been  diminishing  in  length  from  the  pre-Elizabethan  age 
to  the  present  time.  Fabyan,  the  earliest  writer  studied,  has  an 
average  sentence  length  of  63.02  words;  Spenser's  average  is  49.82; 
Hooker's,  41.40;  Macaulay's,  22.45;  Channing's,  25.73;  Emerson's, 
20.58. 

The  constancy  of  the  average  sentence  length  in  successive  sec- 
tions of  a  given  writer's  prose  may  be  seen  in  the  following  tables 
taken  from  Sherman's  "Analytics  of  Literature." 

De  Quincey.    Average  Sentence  Ijength  in  Words. 

l8t  100 29,74  12th  100 34.42 

2d  "   38.62  13th    "   29.5T 

3d  "   29.82  14th    "   38.M 

4th  **   , 31.22  15th     "   33.M 

6th  "   34.21  10th     * 40.2» 

6th  "   29.00  17th     "   39.29 

.7th  *•   30.39  18th    '*   38.12 

8th  ••   82.93  19th     "   31.24 

9th  "   33.92  20th     "   80.7« 

10th  **   32.88  2l8t     "   33.57 

11th  "   84.09  22d      " 32.09 


The  average  of  all  the  periods  is  33.25 ;  the  mode  is  about  33. 
The  averages  for  each  thousand  consecutive  sentences  of  Macau- 
lay's  "History  of  England,"  are  as  follows: 

1  Ladd,  Psychology,  Descriptive  and  Explanatory,  p.  4d0.  1894. 
^  Sherman.  Analytics  of  Literature,  18d3. 
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History  of  Enqland.     Average  Sentence  Length. 


26.09 

23.00 

22.21 

20.54 

24.21 

25.33 

25.06 

25.01 

24.20 

21.76 

22.33 

24.97 

23.51   , 

21.59 

24.81 

22.92 

24.99 

24.10 

24.05 

23.71 

22.13 

19.62 

21.81 

23.26 

22.36 

21.11 

23.39 

22.81 

20.8r> 

25.58 

22.39 

23.91 

21.08 

25.86 

28.17 

24.92 

23.81 

23.81 

24.03 

25.28 

23.33 

23.18 

23.32 

23.78 

The  variability  of  the  length  of  the  sentence,  within  each  series, 
however,  is  great,  in  modern  authors.  Macaulay's  long  sentences  are 
ver}'  long.  Three  consecutive  paragraphs  taken  at  random  from  New- 
man's "Historical   Sketches,"  show  the  following  sentence  lengths: 

26  —  41  —  34  —  36  —  19  —  21  —  19  —  18 
28  —    9  —  61  —  40  —  30  —  31  —  37 
45  —  32  —  92 

The  last  four  sentences  of  the  first  paragraph  are  so  nearly  equal 
in  length  that  they  form  a  rhythmical  group.  The  last  sentence 
seems  abnormally  long.  But  such  great  variability  as  we  see  here 
is  more  apparent  than  real,  for  the  position  of  the  full  stop  is 
arbitrarily  determined.  Another  writer  would  be  just  as  likely  to 
make  three  sentences  of  that  long  one,  punctuating  with  periods  where 
Newman  uses  the  colon,  semi-colon,  and  comma  with  dash.  There 
is  good  reason,  in  fact,  for  considering  the  paragraph  rather  than 
the  sentence  the  true  unit  of  discourse,  since  the  only  positive  rule 
for  pointing  off  sentences  is  to  choose  the  longer  breaks  in  the  sense.* 
Statements  that  would  be  independent  sentences  if  standing  alone  are 
often  united  into  one  sentence  when  they  are  parts  of  a  paragraph. 
A  writer  sees  the  topics  of  his  discourse  as  hazy  paragraphs,  which 
he  jJFOceeds  to  analyze  and  define  in  sentences. 

There  is  in  some  authors  a  marked  tendency  toward  uniformity 
in  length  of  paragraphs.  Macaulay  was  found  by  Lewis  to  have  the 
greatest  amount  of  paragraph  rhythm.  His  "History  of  England'* 
gave  the  following  averages  per  volume:  258.11,  251.52,  325.44,  336.- 
60,  306.90.  Authors  of  regular  methods  show  a  general  tendency 
toward  approximate  uniformity  in  the  paragraph  averages  of  different 
sections  of  their  works. 

**     iBaln,  **Engn8h  Composition."  §  157,  1886. 
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The  foregoing  studies  of  prose  rhythm  point  to  the  conclusion 
that  style  and  rhythm  in  prose  are  to  a  very  large  extent  identical. 
Rhythm  in  prose  plays  the  same  part  that  voice,  gesture  and  facial 
expression  play  in  oral  speech.  And  just  as  we  practically  never 
have  expressionless  speech,  so  we  never  have  rhythmless  or  Btylelees 
prose. 

Writers  on  Rhetoric  differ  in  their  use  of  the  term  "style/*  Spen- 
cer, Lewis,  and  Hodgson,  for  example,  mean  by  the  word  simply  ''the 
mode  of  handling  language  for  a  purpose,  whatever  the  purpose  may 
be  and  whatever  the  occasion."^  Prof.  Genung,  on  the  other  hand, 
speaks  of  styleless  writing  and  quotes  a  passage  conveying  statistical 
information  in  illustration.^  "I  have  stated  the  taxable  value  of  all 
the  property  of  Texas,"  it  runs,  "at  six  hundred  and  three  millions. 
Let  me  enumerate,  in  round  numbers,  a  few  of  the  items  which  go 
to  make  up  that  sum.  The  land  is  counted  at  about  two  hundred 
and  forty-seven  millions,"  etc.,  etc.  It  is  a  dry  statement  of  fact. 
Nevertheless,  it  may  safely  be  asserted  that  few  men  having  the 
same  information  to  impart  would  give  it  in  just  the  same  way. 

The  passage  quoted  by  Prof.  Genung  was  called  styleless  by  him, 
probably  because  there  is  in  it  a  very  low  degree  of  emotional  excite- 
ment. But  the  writer  of  the  passage  evidently  takes  a  stand  per- 
sonally toward  his  subject  when  he  says  "I  have  stated"  and  "Let 
me  enumerate."  There  was  no  fatal  necessity  for  him  to  put  his 
sentences  in  the  active  rather  than  the  passive  voice,  or  vice  versa, 
or  with  one  end  foremost  rather  than  the  other,  or  to  use  the  par- 
ticular words  he  uses,  or  to  connect  or  fail  to  connect  his  sentences 
as  he  does.  Writing  that  is  more  than  mere  cataloguing  cannot  help 
having  style,  though  the  style  may  be  conventional. 

If  it  be  maintained  that  a  manner  of  writing  not  sufficiently 
peculiar  to  serve  to  characterize  the  writer  from  all  other  men  does 
not  deserve  to  be  called  "style/'  we  may  reply  that  of  most  men  the 
most  striking  peculiarity  is  conventionality.  Their  gait,  their  ges- 
ture, their  intonation,  and  their  rhythm  are,  to  the  eyes  of  all  but 
a  few  friends,  conventional. 

Style  is  elevated  above  conventionality  and  made  individual  main- 
ly by  the  pressure  of  emotion  in  the  writer,  and  the  natural  result 
of  strong  emotion  is  rhythmical  expression.  Heightened  emotional 
pressure  causes  repetition  of  words.'  The  machinery  of  expression 
becomes  inadequate  to  carry  off  the  excess  of  matter  suddenly  crowded 
upon   it.     There  is  temporary  damming  up   of  the  channels,  with 

1  Hodgson,  Outcast  Kssays  and  Verse,  p.  220,  1881. 

2  Genung,  rractical  Rhetoric,  p.  13,  1899. 

8  Hoeffdlng,  Vierteljahrschrift  f.  Wiss.  Phil.,  1890.  XIV,  S.  185. 
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consequent  strong  out-break,  followed  by  a  lull  and  a  repetition  of 
the  damming  up  process.^  The  phenomenon  may  be  likened  to  the 
bubbling  of  water  from  a  narrow-necked  bottle.  As  a  result  we  get 
expressions  that  are  only  excited  stuttering  like  "No,  no,  no,  no!" 
rhetorical  explosions  like  the  classical,  **Abiit,  excessit,  evasit,  erupit/' 
Chatham's  "I  am  astonished,  I  am  shocked  to  hear  such  principles 
confessed,  to  hear  them  avowed  in  this  house  and  in  this  country/' 
and  the  more  complex  rhythms  of  poetry  and  prose. 


The  effect  of  rhythm  in  language  is  to  lock  the  parts  together  into 
a  unity  and  thus  to  facilitate  comprehension.  It  economizes  atten- 
tion, for  it  assists  the  reader  in  putting  emphasis  where  it  is  due. 
It  is  often  found  that  writers  who  are  difficult  .to  read  become  easy 
after  they  have  been  heard  in  oral  discourse.  Their  peculiar  mode 
of  vocal  accentuation  is  imperfectly  suggested  in  their  writing,  but 
the  voice  once  having  been  heard,  its  remembered  rhythm  thereafter 
guides  the  reader.  The  experience  here  referred  to  is  especially  com- 
mon with  writing  in  foreign  languages. 

The  need  of  having  the  "swing"  of  a  sentence  in  order  to  under* 
stand  it  may  be  illustrated  by  an  example.  Ask  someone  to  read 
the  following  sentence  aloud  without  previous  examination:  "Now, 
any  fact,  whether  of  arithmetic,  or  geography,  or  grammar,  which  is 
not  led  up  to  and  into  out  of  something  which  has  previously  occu- 
pied a  significant  position  in  the  child's  life  for  its  own  sake,  is 
forced  into  this  position."^  The  half  dozen  particles,  "up,  to,  and, 
into,  out,  of,"  coming  together  usually  cause  a  halt  or  a  stumble. 
But  as  soon  as  it  becomes  clear  that  the  accents  are  on  "up,"  "in," 
and  "out,"  there  is  no  difficulty  in  reading  and  understanding  the 
sentence. 

Spencer  has  suggested  that  the  excellence  of  a  style  might  be 
measured  by  the  rate  of  a  reader's  comprehension.  The  rate  of  com- 
prehension, again,  it  would  seem,  should  be  shown  by  the  speed  with 
which  a  piece  of  writing  is  read  aloud.  A  few  tests  of  this  kind  were 
made  by  the  writer,  as  follows : 

"Sesame  and  Lilies,"  "Red  Rover,"  the  "Essay  on  BosweU,"  'Mod- 
ern Painters,"  and  "The  Old  Pacific  Capital,"  have  different  rhjrthms 
as  indicated  in  Tables  I  and  II.  "Red  Rover"  is  least  rhjrthmical, 
"Old  Pacific  Capital,"  most.  "Sesame  and  Lilies"  is  less  rhythmical 
than  "Modern  Painters."    The  predominant  rhjrthm  of  "Old  Pacific 

1  Spencer,  First  Principles,  Chapter:  Rhythm  of  Motion. 

2  Dewey:  The  Child  and  the  Curriculum;  Oontrib.  to  Bd.  T.  Chicago, 
p.  32.  1902.  ;    i 
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Capital"  is  duple;  in  "Red  Rover"  and  "Essay  on  Boswell"  it  is 
triple.  "Modern  Painters"  is  more  duple  than  "Sesame  and  Lilies** 
and  has  less  long  feet. 

About  500  words  of  each  of  these  selections  were  read  aloud  by 
(J)  at  a  rate  of  speed  which  he  was  told  to  make  as  nearly  as  possible 
normal;  that  is,  natural  or  easy.  He  was  timed  with  a  stop-watch. 
The  figures  in  the  table  are  calculated  for  exactly  500  words. 

J.  (Reading  aloud.) 

S.    &    L. 2  mln.,    67.1    sec. 

R.    R 2       "       46.4 

E.   o.    B 2       "       31.8       " 

M.   P 2       •*       36.4       " 

O.    P.    C 2       "       28 

The  same  selections  were  read  by  (F),  and  as  there  seemed  to  be 
a  tendency  to  read  the  latx?r  selections  faster,  the  last  two  were 
changed  about. 

F.   (Reading  aloud.) 

S.  ft  L 3  mlD.,     1.2     sec. 

R.    R 2       "  47 

B.    o.    B 2       "  36.6       *• 

O.    P.    C 2       "  32.9 

M.    P 2       ••  36.4 

After  reading  them  all  (F.)  read  S.  &  L.,  again,  in 

2  mln.,  43.7  see. 

It  appears  from  these  tests  that  "Sesame  and  Lilies"  with  its  long 
feet  and  irregular  movement  was  read  more  slowly  than  "Modem 
Painters"  with  its  great  amount  of  duple  rhythm.  Stevenson's 
Btyle,  so  often  referred  to  as  "light,"  appears  literally  to  go  quickly. 

The  three  Kipling  stories  were  tested  in  the  same  way.  These 
differ  according  to  Tables  I  and  II,  "In  the  Matter  of  a  Private"  con- 
taining the  greatest  amount  of  duple  rhythm,  "The  Man  Who  Was  " 
the  least.    The  readers  were  (A.  L.),  (B.)  and  (L.). 


A.  L. 

I.  M.  P 151.09  sec. 

I.  K.  M 152.83  " 

M.  W.  W 160.60  " 


"The  Man  Who  Was  "  was  read  slowest  by  all  three.     "In  the 
Matter  of  a  Private"  was  read  quickest  by  two.     The  results  from 


B. 

L. 

154.05  sec. 

169.95  lec. 

156.85  " 

165.96  " 

160.60  •' 

170.50  " 
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this  test  agree,  on  the  whole,  with  those  from  the  reading  of  (J.)  and 
(F.)  in  indicating  that  duple  rhythm  moves  faster  than  other 
rhythms,  and  that  much  rhythm  conduces  to  speed  in  reading. 

Strongly  marked  rhythm,  as  it  is  an  outcome  of  emotion,  also 
stirs  up  feeling  in  the  reader  or  listener.  Just  as  a  loud  cry  sug- 
gests the  emotional  state  of  the  one  who  utters  it,  so  marked  rhythm 
in  language  implying  that  speech  is  going  on  under  high  emotional 
pressure,  immediately  excites  an  interest  in  the  emotion-arousing 
thought.  The  rhythmically  expressed  thought  gets  a  hearing,  for 
those  to  whom  it  is  addressed  share  in  anticipation  the  excitement  of 
the  thinker. 

Khythmless  writing  is  even  more  diflBcult  to  find  than  styleless 
writing,  for  thought  is  by  its  nature  rhythmical  and  so  must  its  ex- 
pression be.  ^^ike  a  bird's  life  it  seems  to  be  made  of  an  alterna- 
tion of  flights  and  perchings.  The  rhythm  of  language  expresses 
this,  where  every  thought  is  expressed  in  a  sentence  and  every 
sentence  closed  by  a  period."  ^  Children  just  beginning  to  write 
articulately,  necessarily  fall  into  such  a  simple  sentence  rhythm. 
"Dear  Uncle ^,"  writes  a  six-year-old,  "It  made  me  happy  to  re- 
ceive your  letter.  This  afternoon  I  was  going  to  pick  some  violets 
for  you  but  it  rained.  I  have  a  surprise  to  tell  you  when  you  come. 
Father  was  down  west  last  week.  He  was  away  a  long  time.  Can 
you  come  soon.  I  have  another  surprise  for  you  for  supper.  It  made 
me  smile  too  when  mother  read  your  letter."  The  rhythm  here  is, 
indeed,  fragmentary,  rudimentary  and  disturbed  as  compared  with 
that  displayed  by  a  mature  writer. 

As  an  illustration  of  weak  rhythm  the  following  sentence  by 
Addison  may  be  taken :  "In  the  next  place  we  may  observe  that  where 
the  words  are  not  monosyllables,  we  often  make  them  so,  as  much  as 
lies  in  our  power,  by  our  rapidity  of  pronunciation."  The  words 
that  have  to  be  accented  in  this  sentence  are  mainly  poor  in  content 
— they  add  little  to  what  is  already  in  the  mind.  In  the  clause,  "we 
often  make  them  so  as  much  as  lies  in  our  power,"  the  only  words 
unmistakably  requiring  an  accent  are  "make"  and  "power;"  the  rest 
is  rhythmically  structureless.  It  is,  of  course,  ^ssible  with  a  little 
distortion  of  the  natural  mode  of  reading  to  accent  other  words,  but 
the  effect  is  disagreeable,  for  the  mind  abhors  a  vacuum.  Unrhyth- 
mical writing  is  loose  and  imdecided.  Rhythmical  writing  implies 
a  consciousness  of  one's  purpose  and  a  mastery  of  one's  meanings. 

This  brings  us  to  another  condition  of  rhythmical  writing, — ^the 

1  James,  Principles  of  Psychology,  vol.  1,  p.  243. 
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possession  by  the  writer  of  a  complex  thought  as  a  whole.  There 
can  be  only  the  cradest  and  most  elementary  sort  of  rhythm  in  the 
writing  of  one  whose  thought  comes  in  driblets.  A  ccnnplex  tiiought 
grasped  as  a  imit  is,  in  fact,  another  aspect  of  that  which  was  re- 
ferred to  above  as  pressure  of  emotion.  The  pent-up  energy  fibat 
issues  in  repetitions,  parallelisms,  balance,  etc.,  also  produces  phonetic 
rhythm,  for  there  is  an  impatience  in  that  state  of  mind  of  insignifi- 
cant words.  Accents  then  follow  one  another  unerringly  and  there  is 
no  vacillation  or  ambiguity. 
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INTRODUCTION— THE  PROBLEM 

The  object  of  this  study  was  to  determine  relatively  the  size  of 
the  field  of  distinct  vision  in  a  number  of  subjects  sufficiently  large 
to  reveal  characteristic  individual  differences,  and  then  to  correlate 
these  differences  with  other  phenomena  of  vision  and  with  reading 
rate.  It  was  the  hope  to  contribute  something  both  to  the  psycho- 
ph3rsiology  of  vision  and  to  the  psychology  of  reading. 

The  major  part  of  the  time  was  consumed  in  mapping  fields  of 
acute  vision.  Usable  data  were  obtained  from  eighteen  subjects, 
varying,  however,  greatly  in  degree  of  fulness.  Full  data  consisted 
in  the  exploration  of  four  meridians  in  the  visual  field,  this  being  done 
for  both  eyes  when  used  together,  and  for  each  eye  separately.  The 
work  was  done  tachistoscopically  with  the  n  and  the  u  of  ten  point 
type  as  the  units  of  vision. 

In  addition  to  the  size  and  shape  of  the  field  of  acute  vision, 
there  was  also  obtained  from  some  or  all  of  the  subjects  the  extent 
of  the  color  zones,  visual  acuity,  both  for  near  and  for  far  vision, 
retinal  sensitivity  or  inertia,  rate  of  perception  as  determined  by 
the  A  test,  attention  span  as  determined  by  the  number  of  short  ver- 
tical lines  simultaneously  seen,  controlled  association  time,  normal 
silent  reading  rate,  and  the  number  of  reading  pauses  per  line. 

These  various  items  were  not  only  correlated  with  the  extent 
of  acute  vision  but  also  among  themselves.  Especially  were  there 
many  correlations  made  with  reading  rate.  It  was  the  aim  to  deter- 
mine, if  possible,  to  what  extent  reading  rate  is  determined  by  the 
mechanism  of  vision  and  to  what  extent  by  the  rapidity  of  the  central 
processes. 

It  is  important  to  make  such  anal3rses,  probably  more  for  the  sake 
of  pedagogy  than  for  psychology;  but  before  psychological  facts  and 
principles  can  be  applied  in  teaching  they  must  themselves  be  under- 
stood. Before  we  can  teach  reading  with  scientific  intelligence  we 
must  ascertain  all  the  essential  elements  and  conditions  of  the  read- 
ing process,  and  especially  must  we  ascertain  to  what  extent  these 
are  under  the  teacher's  control.  To  what  extent,  for  example,  is 
reading  rate  dependent  upon  comparatively  unalterable  natural 
gifts,  and  to  what  extent  upon  variable  methods  of  instruction? 

As  yet  this  question  and  others  of  a  similar  nature  cannot  be 
fully  answered,  but  we  are  beginning  to  see  where  the  problems  lie. 
After  these  are  ascertained  we  must  transfer  our  investigations  from 
adults  to  children.  So  far,  experiments  have  been  almost  entirely 
conducted  with  adults  whose  reading  habits  were  already  well  estab- 
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lished.  This  has  been  necessary  in  order  to  obtain  an  analysis  of 
the  reading  process  in  its  finished  form.  But  once  having  ascertained 
its  different  factors,  the  next  logical  step  is  to  attack  the  genesis  of 
the  process.  It  is  here  that  we  should  learn  most  for  pedagogical 
control,  but  we  would  no  doubt  also  gain  psychological  information 
not  obtained  from  adults. 

The  ocular  condition  of  the  subjects  that  took  part  in  this  in- 
vestigation is  to  a  certain  extent  indicated  in  some  of  the  tables  that 
follow,  especially  Tables  XI  and  XIII,  but  as  this  was  an  investiga- 
tion primarily  in  vision,  a  few  additional  facts  may  be  noted.  Sub- 
jects J.  M.,  G.  B.,  S.  F.  and  W.  B.  had  no  known  defects;  G.  S.,  H.  W. 
and  H.  C.  were  slightly  hypermetropic;  E.  W.,  W.  R.,  F.  H.,  J.  S.,  F. 
B.,  L.  W  and  E.  D.  wore  glasses  for  astigmatism,  but  only  in  the  last 
three  was  the  defect  at  all  marked.  The  data  from  E.  D.  were  dis- 
carded, with  the  exception  of  the  reading  test.  H.  R.,  F.  C.  and  P. 
L.  wore  glasses  for  myopia,  and  A.  A.  was  slightly  myopic  and  in  the 
left  eye  astigmatic.  She  also  wore  glasses.  The  defects,  where  pres- 
ent, with  the  exception  of  the  hypermetropic  cases,  had  been  corrected 
by  glasses,  which  the  subjects  were  permitted  to  wear  during  the  ex- 
periments. 

This  research  was  conducted  in  the  psychological  laboratory  of 
Columbia  University  between  March,  1906,  and  May,  1907.  My 
acknowledgments  are  due  to  Professor  J.  McKeen  Cattell,  in  whose 
class  on  "individual  differences"  the  problem  arose,  and  under  whose 
personal  guidance  the  research  was  conducted;  to  Professors  R.  S. 
Woodworth  and  E.  L.  Thomdike  for  valuable  suggestions  and  criti- 
cisms; to  Dr.  W.  A.  Holden  for  making  the  ophthalmoscopic  examina- 
tions; to  L-  P.  Siceloff  for  mathematical  assistance;  and  to  the  persons 
who  gave  me  so  generously  of  their  valuable  time  in  acting  as  sub- 
jects. Their  number  alone  forbidfi  their  separate  mention.  I  cannot 
forbear  acknowledging  the  constant  assistance  of  my  wife,  Hazel  Pietsch 
Ruediger,  which  made  this  early  publication  of  the  study  possible. 


PART  I— HISTORICAL 

Researches  in  the  field  of  mdirect  vision  may  be  roughly  divided 
into  three  classes, — those  pertainijig  to  the  sensitivity  of  the  periph- 
eral retina  to  color,  those  pertaining  to  its  sensitivity  to  light,  and 
those  pertaining  to  its  sensitivity  to  forms,  or  its  acuity  for  distin- 
guishing objects.  Varying  numbers  of  studies  have  been  made  in 
each  of  these  fields.  The  color  sense  has  been  most  assiduously  ex- 
plored, the  most  painstaking  and  also  the  most  recent  extensive  study 
being  that  of  John  Wallace  Baird.*  Less  has  been  done  in  the  other 
two  fields  but  they  too  have  not  been  neglected.  Mention  need  be 
made  at  this  point  only  of  the  work  of  Kirschmann,'  Wertheim,' 
and  Wirth.^ 

The  first  published  accoimt  of  an  attempt  to  explore  the  retina  with 
a  view  to  determine  the  form  and  extent  of  its  sensitive  surface  we  owe 
to  Dr.  Thomas  Young.*  In  a  lecture  before  the  Royal  Society  of  Lon- 
don, in  1800,  he  said: 

The  visual  axis  being  fixed  in  any  direction,  I  can  at  the  same  time  see  a 
luminous  object  placed  laterally  at  a  considerable  distance  from  it ;  but  in  various 
directions  the  angle  is  very  different.  Upwards  it  extends  to  50  degrees,  in- 
wards to  60,  downwards  to  70,  and  outwards  to  90  degrees.  These  internal 
limits  of  the  field  of  view  nearly  correspond  with  the  external  limit  formed  by 
the  different  parts  of  the  face,  when  the  eye  is  directed  forwards  and  slightly 
downwards,  which  is  its  most  natural  position  ....  The  whole  extent  of  perfect 
vision  is  little  more  than  10  degrees;  or  more  strictly  speaking,  the  imperfection 
begins  within  a  degree  or  two  of  the  visual  axis,  and  at  the  distance  of  5  or  6 
degrees  becomes  nearly  stationary,  until,  at  a  still  greater  distance,  vision  is  wholly 
extinguished.     The  imperfection  is  partly  owing  to  the  unavoidable  aberration 

of  oblique  rays,  but  principally  to  the  insensibility  of  the  retina The 

motion  of  the  eye  has  a  range  of  about  55  degrees  in  every  direciton,  so  that  the  field 
of  perfect  vision,  in  succession,  is  by  this  motion  extended  to  no  degrees  (pp. 
44-46). 

*  The  Color  Sensitivity  of  the  Peripheral  Retina,  Washington,  1905.  The 
reader  is  referred  to  this  study  for  a  summary  of  the  literature  in  this  field  and 
for  a  bibliography. 

^  August  Kirschmann,  *  Ueber  die  Helligkeitsempfindung  im  indirect  em 
Sehen,'  Phil.  Stud.^  V,  pp.  447-497. 

3  Th.  Wertheim, '  Ueber  die  indirecte  Sehscharfe,'  Ztsch.  /.  Psych,  u.  Physiol., 

pp.  172-187. 

*  Wm.  Wirth:  'Die  Klarheitsgrade  der  Regionen  des  Sehfelds  bei  verschied- 
enen  Verteilungen  der  Aufmerksamkeit,*  Phil.  Siudien,  June,  1906. 

*  Philosophical  Transactions ,  V,  91,  1801,  p.  23ff. 
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Young  does  not  indicate  in  detail  how  he  obtained  these  results, 
but  he  experimented  roughly  with  objects  and  'luminous  points.' 

Purkinje^  studied  the  acuity  of  indirect  vision  by  placing  knitting 
needles  into  a  graduated  paste-board  arc,  in  whose  center  the  eye 
was  situated,  and  observing  the  distinctness  with  which  they  ap- 
peared when  he  fixated  one  of  them. 

The  first  actual  measurements  of  retinal  acuity  are  given  by 
Hueck.'  He  made  a  comparative  study  of  the  acuity  of  direct  and 
indirect  vision.  The  latter  he  investigated  by  means  of  black  dots, 
lines,  and  squares  of  various  dimensions  on  a  white  background,  de- 
termining how  far  from  the  fixation  point  and  with  what  size  retinal 
image  they  could  still  be  distinguished  or  recognized.  He  gives  his 
results  in  a  number  of  tables,  the  essentials  of  one  of  which  are  here 
reproduced.  He  found  that  lines  fused  according  to  the  following 
data: 


VUual  angle  of  the 

Deriation  from  the 

retinal  image 

fixation  point 

I'  30" 

V.^ 

2'  33" 

2^ 

2'  59" 

6^ 

5'  46" 

8° 

13'  45" 

11° 

14'  55" 

14° 

21'  55" 

20« 

Volkmann  introduced  the  method  of  momentary  illumination 
with  the  electric  spark,  in  order  to  eliminate  the  disturbing  influence 
of  eye  movements.'  He  endeavored  to  determine  the  sensitivity 
of  the  peripheral  retina  in  several  ways.  First  he  determined 
at  what  distance  from  the  eye,  at  various  angles  from  the 
center,  roimd  black  dots  on  white  paper  could  still  be  recognized. 
He  calculated  the  retinal  images  and  compared  them  with  the  smallest 
image  that  could  be  perceived  at  the  center.  He  repeated  the  ex- 
periment with  an  upright  thread  of  a  spider  web  and  obtained  angles 
only  one-tenth  as  large  as  those  from  the  dots.    The  only  conclusion 

*  Johannes  Evangelista  Purkinje,  Beitrage  zur  Physiologie  der  Sinne, 
1825.  For  the  data  from  Ptirkinje  I  am  indebted  to  Aubert,  Physiologie  der 
Netzhaut,  Breslau,  1865,  pp.  336-337.  The  original  sources  were  not  accessible 
to  me  at  the  time  of  writing. 

■  Mueller's  Archiv.,  1840,  pp.  81-97. 

■  Handw&rterbtich  der  Physiologie  (Wagner's),  III,  i,  1846,  p.  332f. 
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he  draws  at  this  point  is  that  the  acuity  decreases  rapidly  from  the 
center. 

Volkmann  next  ascertained  the  smallest  retinal  image  with  which 
two  parallel  lines  could  be  distinguished  on  various  parts  of  the  retina. 
The  experiment  duplicated  the  work  of  Hueck,  but  he  obtained  visual 
angles  about  ten  times  as  large  as  those  of  Hueck.  Volkmann  noticed 
this  discrepancy  but  made  no  attempt  to  explain  it.  The  results 
of  later  investigators  show  Hueck  to  have  done  the  more  careful 
work. 

Aubert  and  Foerster  set  themselves  a  problem  in  some  respects 
similar  to  mine.^  They  determined  both  the  extent  and  the  shape 
of  the  field  of  vision  within  which  certain  units  could  be  recognized. 
Their  experiment  they  varied  in  a  number  of  ways  and  they  obtained 
some  significant  results. 

In  the  first  experiment  to  be  noted  they  eliminated  the  influence 
of  eye  movements  by  illuminating  the  objects  to  be  recognized  with 
an  electric  spark.  As  such  objects  they  used  numbers  and  letters 
printed  on  paper  charts  2  feet  wide  and  5  feet  long.  These  charts 
they  mounted  on  horizontal  rollers  so  that  the  field  could  be  changed 
between  every  two  exposures.  This  prevented  the  subjected  from 
becoming  familiar  with  any  part  of  it.  They  used  four  charts  with 
characters  of  different  sizes  and  at  various  distances  apart;  and  they 
employed  ten  distances  varying  from  .1  to  1  meter  between  the  sub- 
ject and  the  chart.  They  found  that  ''the  larger  the  angle  made 
by  the  line  of  direction  of  an  object  with  the  line  of  sight,  the  larger 
must  the  visual  angle  of  the  object  be  in  order  to  be  recognized," 
(p.  239);  and  that  "with  a  constant  visual  angle  of  the  characters, 
small  near  characters  can  be  recognized  on  a  larger  area  of  the  retina 
than  large  distinct  characters"  (p.  240). 

The  latter  peculiarity  attracted  Aubert's  attention  and  he  inves- 
tigated it  further,  this  time  with  constant  illimiination.  Various 
distances  from  the  fixation  point  were  again  used,  a  definite  point 
was  fixated,  and  the  objects  to  be  recognized  were  shifted  in  and  out 
in  various  planes.  The  apparatus,  by  means  of  which  definite  posi- 
tions of  the  head  and  objects  were  secured,  need  not  here  be  described.' 
As  objects,  two  black  squares  upon  white  paper  were  used.  Their 
distances  apart  were  the  same  as  their  lengths  of  side,  which  were 
20  mm.,  8  mm.,  and  4  mm.  These  dimensions  gave  the  same  visual 
angle,  1°  8',  at  the  distances  of  1000,  400,  and  200  mm.  respectively. 

*  Physiologie  der  NetzhaiU,  pp.  237-253. 

'  For  a  description  and  cut  the  reader  is  referred  to  p.  241,  Op,  Cit, 
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In  the  horizontal  meridian  the  average  of  four  observations  gave 
the  following  angular  extents  of  the  visual  fields: 

For  20  mm.  squares,  distant  1000  mm.,  39^ 

"      8  mm.       "  "  400  mm.,  54® 

"      4  mm.       "  "  200  mm.,  67® 

When  the  visual  angle  was  changed  to  34'  the  results  were: 

For  8  mm.  squares,  distant  800  mm.,  35^ 

"    4  mm.       "  "         400  mm.,  43® 

More  tables  are  given  by  Aubert,  but  it  is  sufficient  to  say  that  the 
data  agreed  closely  with  those  obtained  by  the  method  of  momentary 
illumination.  With  the  same  visual  angle,  small  near  objects  may 
be  recognized  in  a  larger  extent  of  the  retina  than  large  far  objects; 
and  for  the  same  object  a  fairly  constant  ratio  exists  between  the 
size  of  the  visual  angle  of  the  object  and  its  deviation  from  the  fixa- 
tion point.  On  the  other  hand,  when  the  distance  of  the  object  is 
kept  constant,  the  deviation  at  which  the  object  may  be  recognized 
increases  more  slowly  than  the  visual  angle  of  the  object. 

To  explain  this  puzzling  phenomenon,  as  he  calls  it,  Aubert  as- 
sumed that  in  accommodation  for  distinct  vision  occurred  a  distor- 
tion of  the  rod  and  cone  layer  which  disturbed  the  passage  of  the  rajrs 
of  light.  The  assumption  that  accommodation  for  the  peripheral 
regions  of  the  retina  is  less  perfect  in  distant  than  in  near  vision  he 
rejects.  The  shifting  of  the  node,  owing  to  changes  in  accommoda- 
tion, does  not  explain  the  phenomenon  either,  for  that  should  give 
just  the  opposite  result. 

In  the  experiment  with  momentary  illumination  both  Foerster 
and  Aubert  noticed  that  more  characters  could  be  seen  in  the  horizon- 
tal than  in  the  vertical  direction.  This  led  them  to  a  more  careful 
exploration  of  the  various  meridians  in  order  to  ascertain  how  the 
sensitivity  of  the  retina  decrea^sed.  They  did  this  again  with  con- 
stant illumination.  They  used  a  flat  surface,  the  center  of  which  was 
fixated,  and  they  proceeded  much  as  is  frequently  done  in  mapping 
the  color  zones.  They  recognized  that  they  might  have  used  an  arc, 
but  as  they  explored  only  a  small  field  near  the  fixation  point,  they 
regarded  this  unnecessary.  As  objects,  they  used  this  time  round 
black  dots,  2.5  mm.  in  diameter  and  14.5  mm.  apart.  Both  Foerster's 
and  Aubert 's  eyes  were  tested,  and  eight  meridians  were  explored  in 
each  eye.  Irregular  horizontal  oblongs  were  obtained  which  differed 
both  between  the  subjects  and  for  the  separate  eyes,  shoA^ing  that 
the  capacity  of  the  retina  to  perceive  distinctly  two  points  decreases 
very  unequally  in  the  various  meridians,  and  it  is  different  for  each 
eye. 
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From  the  time  Aubert  and  Foerster  published  their  work,  noth- 
ing appeared  in  the  literature  on  the  acuity  of  indirect  vision  till  1873. 
In  that  year  Dor  published  a  study  on  Beitrdge  zur  Electrotherayie 
der  AugenheiUcunde,^  in  which  he  gave  determinations  of  the  acuity 
from  the  center  out  as  far  as  40  degrees.  Diuring  the  following  ten 
or  twelve  years  a  large  number  of  studies  appeared,  but  since  1884 
little  activity  has  been  manifest  in  this  particular  field. 

All  the  investigators  during  this  period  aimed  to  determine  the 
acuity  of  peripheral  parts  of  the  retina  relative  to  the  center. 
They  all  used  the  perimeter  method,  with  constant  illumination,  and 
they  varied  little  from  the  lines  laid  out  by  Hueck,  Volkmann,  and 
Aubert  and  Foerster.  As  units  of  vision  Dor,^  Dobrowolsky  and 
Gaine,'  and  Hirschberg^  used  Snellen  test  types;  Matthiessen^  used 
six  letters  from  Monoyer's  table;  Schadow*^  used  the  letter  E;  Konigs- 
hofer*  used  black  dots;  and  Landolt,^  Butz,*  and  Charpentier*  used 
black  squares  of  different  sizes. 

The  results  obtained  vary  no  more  than  one  would  expect  from 
the  different  procediu^  followed  and  from  the  individual  differences 
of  the  subjects.  Within  15  degrees  of  the  center  all  the  investigators 
found  little  difference  between  the  inner  and  the  outer  radii,  and  be- 
tween the  upper  and  the  lower.  Beyond  15  degrees  the  fields  were 
usually  found  to  be  largest  on  the  lateral  side,  with  the  inner,  lower, 
and  upper  sides  coming  in  the  order  mentioned.  Landolt  found  the 
lower  field  to  be  the  largest,  with  the  lateral  next;  Konigshofer  foimd 


*  H.  Dor:  Archiv  f.  Ophth.,  1873,  3,  p.  32if. 

'  Dobrowolsky  and  Game,  'Uber  die  Sehscharfe  (Fonnsinn)  an  der  Periph- 
erie der  Netzhaut/  Archiv.  f.  d.  Gesamte  Phystologie,  Bd.  XII,  1876. 

*  Hirschberg,  *Uber  graphische  Darstellung  der  Net zhautf unction,*  Archiv. 
f.  anat.  u.  Physiol,  1878. 

*  Ludwig  Matthiessen,  'Ueber  die  radiare  Ausdehnung  des  Sehfeldes  und  die 
Allometropie  des  Auges  bei  indirectem  Sehen,'  Arch.  f.  Ophth.,  XXX ,  1884. 

*  Schadow,  'Die  Lichtsempfindlichkeit  der  peripheren  Netzhautteile  im 
Verhalniss  zu  deren  Raum  und  Farbensinn,'  Archiv.  f.  d.  ges.  Physiol.,  XIX,  1879, 

p.  439f- 

*  Oskar  Konigshofer,  Das  Distinctionsvermdgen  der  peripheren  Teile  der 
Netzhaut,  Inaug.  Dissert.,  Erlangen,  1876.  (Data  obtained  from  Charpentier's 
review.) 

'  Landolt,  Handbuch  der  gesamte  Augenheilkunde,  Graefe  und  Laemisch, 
1874,  III.     (Data  obtained  from  Charpentier's  review.) 

■  R.  Butz,  *Untersuchungen  iiber  die  physiologische  Function  der  Periph- 
erie der  Netzhaut,*  Arch.  /.  Anat.  u.  Physiol.,  1881,  p.  437f. 

•A.  Charpentier,  'De  la  vision  avec  les  diverses  parties  de  la  retine,*  Archiv. 
de  Physiol.,  norm,  et  pathoL,  IV,  1877,  pp.  894-945. 
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the  inner  field  the  largest;  and  Schadow  found  the  lower  field  follow- 
ing the  lateral  in  size.  These  variations  may  be  owing  both  to  the 
dififerences  in  the  methods  employed  and  to  the  differences  in  the 
eyes  tested. 

The  effect  of  practise  received  special  attention  by  Dobrowolsky 
and  Gaine.  Its  influence  was  foimd  to  be  great.  A  unit  that  was 
just  recognized  30  degrees  from  the  center  on  the  first  trial  was  recog- 
nized 45  degrees  from  the  center  on  the  fifteenth  trial,  and  60-65  de- 
grees from  it  after  three  and  one-half  months  of  practise.  Schadow 
attributed  some  of  the  individual  differences  he  foimd  to  the  differ- 
ences in  amount  of  practise. 

The  amount  of  work  done  by  these  investigators  in  the  studies 
mentioned  varied  greatly.  The  acuity  of  indirect  vision  frequently 
comprised  but  a  part  of  their  problem,  a  large  share  of  their  time  also 
being  given  to  ascertaining  the  sensitivity  of  the  peripheral  retina  to 
light  and  to  color.  Butz  apparently  tested  but  one  eye,  the  left  eye  of 
his  assistant;  Charpentier  explored  two  inner  fields;  Dor,  Landolt,  and 
Matthiesen  each  used  two  subjects  and  explored  four  radii  in  each 
eye;  Hirschberg  explored  eight  radii  in  both  eyes  of  three  subjects; 
and  Dobrowolsky  and  Gaine  worked  on  the  effect  of  practise  with 
twelve  eyes.  Schadow  aimed  to  allow  for  individual  variations  and 
so  explored  four  radii  in  the  eyes  of  nine  subjects.  He  thought  that 
the  discrepancies  between  the  work  of  other  investigators  might  be 
owing  to  individual  differences,  and  this  point  was  well  substantiated. 
He  found  that  the  diameters  connecting  points  of  corresponding 
acuity  in  the  eyes  of  his  subjects  varied  as  2-1,  and  that  women 
had  larger  fields  than  men.  Owing  to  the  small  number  of  subjects, 
the  conclusion  in  regard  to  sex  differences  is  not  safe.  My  data  re- 
vealed no  such  differences. 

The  reason  why  the  acuity  decreases  as  we  pass  from  the  center 
to  the  periphery  of  the  retina  has  been  considered  and  investigated 
by  a  number  of  men.  Aubert  tested  the  matter  in  several  ways  and 
concluded  that  the  difference  was  owing,  in  the  main,  to  the  anatomical 
structure  of  the  retina.  This  is  the  conclusion  reached  also  by  Do- 
browolsky and  Gaine,  and  by  Wertheim.*  In  addition  to  the  structure, 
Dobrowolsky  and  Gaine  attributed  some  of  the  differences  in  acuity 
to  practise,  but  practically  none  to  the  greater  faintness  of  the  image 
and  to  the  aberration  of  light.  Wertheim  made  an  attempt  to  cor- 
rect for  imperfect  refraction  on  the  peripheral  retina  by  means  of 
lenses,  but  without  effect.     Every  test  and  consideration  points  to 

*  Th.  Wertheim,  'Uber  die  indirecte  Sehscharfe,'  Zeitsch.  f.  Psych,  u.  PhysioU 
Vol.  VII,  pp.  172-187. 
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the  conclusion  that  by  far  the  largest  factor  m  causing  the  decline 
in  acuity  must  be  looked  for  in  the  structure  of  the  retina. 

Pietsch  and  Wertheim  worked  a  decade  later  than  the  group  of 
men  just  mentioned.  Wertheim  determined  the  relation  between 
the  acuity  of  direct  and  indirect  vision  in  his  own  eyes.  As  units  he 
used  five  small  wire  gratings,  circular  in  form,  with  dimensions  of  such 
size  as  to  give  equal  visual  angles  at  the  distances  employed.  The 
gratings  simultaneously  with  the  fixation  point  were  moved  toward 
and  away  from  the  eye,  and  the  point  at  which  the  bars  were  just 
visible  was  determined.  The  results  are  given  in  a  table,  and  graph- 
ically in  two  figures.  Within  fifteen  degrees  of  the  center  he  foimd 
little  difference  between  the  inner  and  the  outer,  and  between  the 
upper  and  the  lower  radii.  But  beyond  fifteen  degrees  he  found  that 
"the  acuity  of  vision  decreases  most  rapidly  above;  a  little  less  rapidly 
below;  still  more  slowly  on  the  medial  side;  and  most  slowly  on  the 
lateral  side.  For  example,  if  one  represents  the  central  visual  acuity 
by  1,  the  acuity  thirty  degrees  from  the  fixation  point  becomes: 
lateral  0.072,  medial  0.056,  below  0.044,  above  0.039.  At  forty  de- 
grees these  become:  lateral  0.051,  medial  0.04,  below  0.032,  and  above 
0.023"  (p.  184  L.c). 

Pietsch  determined  the  influence  of  various  conditions  of  refrac- 
tion on  the  extent  of  the  visual  field.*  He  used  a  Foerster  perimeter 
and  explored  the  fields  of  seven  emmetropic,  twelve  myopic  and  eleven 
hypermetropic  eyes  with  white,  blue  and  red  papers  5  mm.  square, 
and  he  concluded  that  for  hypermetropic  eyes  the  fields  are  a  trifle 
larger  than  for  emmetropic  eyes,  namely  2  degrees  for  white,  3  de- 
grees for  blue  and  from  1-2  degrees  for  red.  For  myopic  eyes  the 
fields  are  smaller,  — 2  degrees  for  white,  6-7  degrees  for  blue  and  4  de- 
grees for  red^ 

The  tachistoscopic  study  of  reading  has  yielded  some  data 
that  should  be  noted  here.  Cattell,  with  whose  researches  the  tachis- 
toscopic study  of  the  reading  process  began,  investigated  also  the 
extent  of  the  simultaneous  grasp  of  consciousness.  He  exposed  in 
the  fall-chronometer  for  a  time  of  ten  sigma  short  vertical  lines,  nimi- 
bers,  letters,  words,  and  sentences,  and  found  that  consciousness 
could  simultaneously  grasp  from  3-6  lines,  approximately  the  same 
number  of  letters  and  numbers,  two  or  three,  and  occasionally  four 
words  of  one  syllable,  and  sentences  composed  of  from  three  to  seven 

*  H.  Pietsch,  Die  Ausdehnung  des  Gesichtsfeldes  fur  weise  und  farbige  Ob- 
jecte  hei  verschiedenen  Refraktionszust&nden,  Dissertation,  Breslau,  1S96.  (Data 
obtained  from  review  in  Zeitsch.  f.  Psychol. ,  XIV,  p.  477.) 
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words.  ^  In  sentences  about  three  times  as  many  letters  were  seen 
as  when  they  were  unconnected,  and  when  words  formed  sentences 
about  twice  as  many  were  read  as  when  they  were  unconnected. 
This  was  taken  to  mean  that  words  and  even  sentences  were  read  as 
wholes. 

Erdmann  and  Dodge  duplicated  these  experiments  of  Cattell 
and  obtained  closely  corresponding  results.  They  foimd  that  infalli- 
bly four,  and  generally  five  letters  could  be  recognized  and  alphabetic- 
ally reproduced  when  exposed  for  100  sigma.'  Four  or  five  times  as 
many  were  read  under  similar  conditions  when  they  formed  words. 

These  investigators  also  exposed  a  page  of  Helmholtz's  Physto- 
logische  Optik  and  determined  roughly  how  much  of  the  text  could  be 
seen  simultaneously.'  Letters  were  recognized  about  20  mm.  from 
the  fixation  point,  both  to  the  right  and  to  the  left,  and  10  nmi.  from 
it  up  and  down. 

Huey  found  in  exposing  sentences  without  context  that  four 
subjects  recognized  on  the  average  words  or  parts  of  words  over  a 
horizontal  extent  of  24.49  mm.*  The  individual  variations  were 
large,  extending  from  11.25  nmi.  to  34.88  nun.  The  largest  amounts 
seen  varied  from  40  to  50  mm.,  with  an  average  of  46  nmi.  The  aver- 
age amounts  read  to  the  right  and  to  the  left  of  the  fixation  point 
were  nearly  equal,  but  those  for  particular  exposures  were  frequently 
very  different.  Whenever  much  was  seen  to  one  side  of  the  fixation 
point,  the  chances  were  that  little  was  seen  on  the  other  side. 

Hamilton  obtained  results  closely  similar  to  those  of  Huey.^  In 
one  table  that  he  gives  it  is  shown  that  five  subjects  read  on  the  aver- 
age an  extent  of  37.3  mm.  when  the  words  formed  sentences,  27.6  mm- 
when  the  words  formed  phrases,  and  15.8  mm.  when  the  words  were 
unconnected.  The  average  amounts  read  to  the  right  and  to  the 
left  of  the  fixation  point  were  again  nearly  equal.  One  subject, 
however,  read  imiformly  more  to  the  left  than  to  the  right.  The 
largest  amount  read  per  fixation  by  Dearborn's  subjects  when  reading 
from  a  newspaper  was  28.2  mm.,  but  ordinarily  the  amount  fell  short 
of  this.' 

*  J.  McKeen  Cattell,  'Ueber  die  Traegheit  der  Netzhaut  und  des  Sehcen- 
tnims,'  Philosophische  Studien,  Vol.  Ill,  pp.  1 21-127.     Brain,  V,  VIII. 

^  Psychologischc  Untersuchungen  fiber  das  Lesen  auf  Experimenteller  Grund- 
lage,  Halle,  1898,  Chapter  5. 
«  Op.  ciL,  pp.  39-41. 

*  E.  B.  Huey,  American  Journal  of  Psychology,  Vol.  XI,  p.  300. 

*  F.  M.  Hamilton,  an  unpublished  study. 

*  W.  F.  Dearborn,  The  Psychology  of  Reading,  this  series.  Vol.  I,  No.  4, 
p.  23. 
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These  experiments  cannot  be  taken  to  measure  the  retinal  ex- 
tent of  clear  vision,  or  to  indicate  individual  differences  in  this  re- 
spect, and  are  not  so  taken  by  the  investigators.  What  they  do  meas- 
ure are  certain  forms  of  mental  grasp,  which,  as  will  be  shown  later, 
do  not  correlate  in  any  significant  way  with  the  size  of  the  field  of  dis- 
tinct vision.  The  amount  read  per  fixation,  for  example,  does  not 
depend  on  the  amount  that  can  be  seen,  but  on  the  amount  that  can 
be  assimilated. 


PART  II— METHODS  AND  RESUIiTS 

As  has  already  been  mentioned  in  the  introduction,  I  set  myself 
the  task  of  ascertaining  in  a  number  of  persons  the  fields  of  acute 
vision  relative  to  a  given  visual  unit.  It  was  the  aim  to  map  a  sufii- 
ciently  large  number  to  bring  out  characteristic  individual  differences, 
which  could  then  be  correlated  with  reading  rate,  the  color  zones, 
visual  acuity,  retinal  inertia,  and  other  phenomena  of  vision. 

The  difference  in  the  size  of  the  fields  in  different  persons  would 
be  indicated  by  the  varying  distances  from  the  fixation  point  at  which 
they  could  recognize  similar  objects.  The  determinations  could  be 
made  in  one  of  several  ways.  Heretofore  they  have  usually  been 
made  in  work  of  this  nature  by  the  method  that  may  be  called  the 
perimeter  method.  In  this  method  the  subject  maintains  steady  fixa- 
tion while  the  visual  unit  is  moved  toward  or  away  from  the  fixation 
point  at  a  definite  distance  from  the  eye.  With  a  practised  subject 
and  in  work  requiring  the  unit  to  be  brought  no  nearer  than  about  10 
degrees  this  may  be  satisfactory,  but  with  unpractised  subjects  and 
in  explorations  within  10  degrees  of  the  fixation  point,  it  is  not  satis- 
factory. An  unpractised  subject  cannot  maintain  sufficiently  steady 
fixation,  and  it  is  questionable  that  a  practised  one  can  in  the  condi- 
tions indicated.  The  eye  reacts  reflexly  to  peripheral  stimuli  so  that 
a  desire  to  maintain  steady  fixation  is  of  little  avail.  It  is  the  instinc- 
tive tendency  of  the  eye  to  bring  everything  that  appears  in  the  periph- 
eral field  to  the  point  of  clearest  vision. 

The  influence  of  eye  movements  may  be  eliminated  either  by 
momentary  illumination,  or  tachistoscopically  by  short  time  ex- 
posure. In  this  experiment  it  was  eliminated  by  means  of  the  tachis- 
toscopic  method.  The  time  of  exposure  must  be  less  than  the  reac- 
tion time  of  the  eye.  This  Dodge*  has  shown  to  be  rather  more  than 
160  sigma.^  So  as  to  be  well  within  the  limit,  an  exposure  time  of 
50  sigma  was  used.  For  distances  within  10  degrees  of  the  fixation 
point  this  gave  better  results  than  longer  times;  in  fact,  for  a  few  sub- 
jects, 35  sigma  gave  sightly  better  results  than  50.  A  longer  exposure 
time  tended  to  make  the  exposed  letter  appear  entirely  black,  so  that 
recognition  was  difficult  or  impossible. 

Fifty  sigma,  however,  was  not  the  total  time  of  the  impression 
on  the  retina.  The  background  being  a  dull  black,  reflecting  about 
6  per  cent  of  the  light,  the  after-image  materially  prolonged  the  retinal 
impression.    This,  of  course,  in  no  way  interfered  with  the  experi- 

*  Psychological  Review,  Vol  6,  p.  481. 
'  I  sigma  =  .001  sec. 
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ment.    Eye  movements  being  excluded,  I  wanted  the  impression 
to  be  as  clear  as  I  could  well  get  it. 

As  exposure  apparatus,  the  Cattell  fall-chronometer  was  used  for 
the  horizontal  meridian,  and  a  pendulum  screen  for  the  vertical  and 
the  oblique  meridians.  Both  of  these  instruments  expose  the  object 
in  the  light  for  which  the  eye  is  adapted.  My  experiments  were  uni- 
formly made  by  daylight. 

The  fall-chronometer  was  not  suitable  for  the  vertical  and  the 
oblique  meridians  for  two  reasons.  In  the  first  place,  the  object 
above  the  fixation  point  would  always  be  exposed  sooner  than  the  one 
below,  and,  secondly,  the  exposure  time  would  be  shorter  for  the 
lower  object  than  for  the  upper,  owing  to  the  increase  in  the  speed  of 
the  falling  screen.  These  two  factors  might  prove  decidedly  disturb- 
ing and  were  eliminated  by  the  use  of  the  pendulum  screen.  This 
particular  apparatus  was  also  devised  by  Professor  Cattell,  for  another 
purpose,  and  worked  as  smoothly  and  satisfactorily  as  the  fall-chro- 
nometer. 

The  method  of  operation  of  the  two  instruments  used  is  so  well  known 
that  it  need  not  be  described.  The  exposure  time  of  the  pendulum 
was  ascertained  with  the  Hipp  chronoscope,  and  that  of  the  fall  screen 
both  with  the  chronoscope  and  by  means  of  the  formula  for  falling 
bodies.  The  discrepancy  between  the  two  determinations  was  small, 
showing  that  friction  retarded  the  screen  but  little. 

The  point  of  fixation,  directly  in  front  of  the  center  about  which 
the  letters  to  be  recognized  were  distributed,  was  composed  of  a  small 
bead  of  dried  glue,  attached  to  a  taut,  horizontal  himian  hair  in  each 
apparatus.  This  hair  was  securely  fastened  to  the  apparatus  so  that 
it  would  not  shake  or  move  out  of  place  during  the  progress  of  the  ex- 
periment. 

The  distance  between  the  fixation  bead  and  the  card  was  in  each 
instrument  about  three  millimeters.  This  disturbed  the  clearness 
of  the  image  very  little,  if  at  all,  for  letters  exposed  at  the  fixation 
point  were  not  missed.  With  most,  if  not  with  all  of  the  subjects, 
moreover,  even  the  slight  disturbance  that  was  possible  was  overcome 
by  accommodating  for  the  card  instead  of  the  bead.  In  my  own  case 
I  was  well  aware  of  this.  I  could  accommodate  at  will  for  either  the 
bead  or  the  card,  and  in  the  course  of  the  experiment  acconmiodated 
uniformly  for  the  card. 

Owing  to  the  nature  of  the  apparatus  used,  the  letters  were  ex- 
posed in  a  plane  instead  of  a  siu*face  corresponding  to  the  horopter. 
But  as  they  were  never  exposed  more  than  7.6  degrees  from  the  fixa- 
tion point,  those  farthest  out  were  scarcely  two  millimeters  farther 
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from  the  eye  than  the  pomt  fixated.  This  was  not  enough  to  cause 
any  appreciable  amount  of  disturbance,  especially  in  indirect  vision 
when  accommodation  is  not  exact  anyi^ray. 

The  screen  in  each  apparatus  was  held  up  by  an  electro-magnet, 
of  which  the  subject  himself  controlled  the  switch.  This  enabled 
him  to  release  it  just  when  he  had  his  eyes  properly  focused.  As  an 
attention  signal  the  word  "now"  or  "ready"  was  given  after  the 
card  to  be  exposed  had  been  put  in  place. 

The  making  of  the  exposure  cards  presented  a  number  of  prob- 
lems. First  of  all  came  the  selection  of  units  to  be  recognized  or  dis- 
tinguished. Upon  their  size  and  characteristics  the  resulting  field 
obviously  depends.  Just  as  the  extent  of  the  color  zones,  so  the 
extent  of  acute  vision  is  a  relative  affair.  They  both  depend  upon 
the  nature  of  the  stimulus  employed.  Aubert  and  Foerster,  it  will 
be  remembered,  found  that  the  extent  on  the  retina  on  which  an  ob- 
ject could  be  recognized  depended  both  upon  the  size  and  the  char- 
acter of  the  object  used,  and  upon  its  distance  from  the  eye.  I  found, 
for  example,  that  at  the  same  distance  from  the  eye,  a  capital  M  and 
a  capital  W  three  millimeters  high  could  be  distinguished  at  about 
twice  as  big  an  angle  from  the  line  of  sight  as  an  n  and  a  u  one  and  one- 
half  millimeters  high. 

What  we  should  have  is  a  standard  set  of  units  for  experiments 
in  vision.  Ordinary  printed  letters  and  numbers  do  not  answer  the 
purpose  because  they  are  not  visible  with  equal  ease,  and  especially 
because  type  from  different  fonts  is  too  variable.  The  n  and  the  i*, 
for  example,  printed  from  one  font  of  ten  point  type,  need  not  be  com- 
parable in  distinguishability  with  the  same  letters  printed  from  an- 
other font  of  ten  point  type. 

Perhaps  the  most  desirable  units  would  be  small  natural  objects 
closely  similar  in  form  that  could  be  obtained  the  world  over.  But 
them  we  may  at  once  dismiss  from  the  discussion,  because,  as  far  as 
I  am  aware,  none  are  available.  The  alternative  is  to  look  for  units 
in  the  printer's  art.  They  might  perhaps  be  drawn  to  accurately 
described  dimensions,  but  that  would  not  be  entirely  satisfactory. 
Only  an  expert  draftsman  could  make  them,  and  then  one  could  not 
be  sure  that  any  two  draftsmen  would  follow  the  directions  in  pre- 
cisely the  same  way. 

From  the  printer's  art  any  number  of  suitable  units  could  be  ob- 
tained. Dots,  lines  and  various  kinds  of  geometrical  forms  of  stand- 
ard dimensions  suggest  themselves.  A  good  unit  would  be  a  hook, 
composed  essentially  of  a  square  with  one  side  open.  Being  as  wide 
as  tall,  it  could  be  faced  in  four  different  directions  and  there  would 
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be  nothing  but  the  open  side  as  a  clue  to  its  position.  These  hooks 
would  thus  furnish  six  different  pairs  of  units  to  distinguish.  A 
standard  set  should  include  a  dozen  or  more  different  sizes  varying 
in  dimensions  from  a  certain  small  fraction  of  a  millimeter  to  eight 
or  ten  millimeters.  This  would  furnish  a  choice  for  many  different 
kinds  of  work. 

Practically  the  same  desideratum  would  be  met  by  capital 
E's,  such  as  are  now  used  in  testing  visual  acuity.  These  should  also 
be  as  wide  as  they  are  tall.  Another  possible  unit  would  be  a  circle 
with,  say,  one-eighth  of  the  circumference  left  open.*  This  would 
have  the  advantage  of  furnishing  a  still  larger  number  of  units  than 
either  the  hook  or  the  E.  In  some  work  this  might  save  a  great 
amount  of  time  in  making  the  determinations. 

No  standard  set  of  units  being  available,  I  resorted  to  printed '. 
letters.  In  selecting  these,  clear,  evenly  printed  ten  point  type, 
which  was  available  in  a  supply  of  reprints,  was  chosen.  The' 
letters  answered  the  demands  of  the  experiment  very  well.  They 
were  large  enough  to  be  recognized  about  four  degrees  from  the  fixa- 
tion point  at  30  cm.  from  the  eye,  thus  yielding  a  field  of  sufficient 
and  convenient  size;  and  they  were  small  enough  to  be,  in  the  main, 
unrecognizable  eight  degrees  from  the  fixation  point,  the  extent  of 
the  field  available  in  the  fall-chronometer,  in  the  size  this  instrument 
is  usually  constructed. 


1 

n  a  0        \  I 

e  o  1 


Fig.  I. 

After  having  settled  upon  the  style  of  letters  to  use,  the  problem 
of  placing  them  on  cards  presented  itself.  Here  there  were  four  pos- 
sibilities, illustrated  by  Figure  I.  One  letter  could  be  placed  at  the 
fixation  point,  and  two  others  equidistant  from  it  (No.  1);  two  could 
be  placed  equidistant  from  the  fixation  point  with  none  at  the  center, 
(No.  2) ;  one  could  be  placed  at  the  center  and  one  in  the  margin,  in 
either  direction  from  the  fixation  point  (No.  3);  or,  finally,  one  could 
be  placed  in  the  margin  with  none  at  the  fixation  point  (No.  4). 

All  of  these  possibilities  were  tried  out  in  the  preliminary  experi- 
ments.    No.    I  proved  clearly  too  complex  for  the  purpose  of  the 

*  Suggested  by  Professor  Cattell. 
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study.  Three  letters  can  be  recognized  and  named  on  short  exposure 
when  printed  close  together  and  looked  at  directly,  but  even  then 
they  approach  the  limit  of  the  attention  span  in  some  people.  But 
this  task  for  the  attention  becomes  too  great  when  two  of  the  letters 
are  seen  indirectly.  The  subjects  frequently  said  that  they  had  rec<^- 
nized  all  three  of  the  letters,  but  after  naming  one,  could  not  remem- 
ber the  others. 

The  same  objection  holds  in  a  less  degree  against  No.  2  and  against 
No.  3.  Had  the  experiment  been  one  in  attention  span,  this  would 
not  have  been  an  objection;  but  for  my  purpose  it  completely  vitiated 
the  results  I  was  after.  It  was  not  my  aim  to  measure  any  qualities 
of  attention  or  mental  grasp,  but  to  ascertain  the  sensitivity  of  the 
retina  for  small  differences  in  form  as  one  passes  from  the  fovea  to  the 
periphery,  the  tax  upon  the  attention  being  at  the  minimum.  Clearly 
this  requirement  would  be  best  satisfied  by  the  conditions  of  No.  4, 
provided  that  fixation  could  be  maintained  by  the  subject.  This 
proved  to  be  a  smaller  difficulty  than  one  might  suppose.  It  was 
readily  overcome  by  letting  the  letter  be  just  as  likely  to  appear  on 
one  side  as  on  the  other,  no  matter  which  meridian  was  being  ex- 
plored. As  there  were  never  less  than  eight,  and  usually  from  twelve 
to  twenty-four  cards  in  a  series,  which  were  frequently  shuffled,  the 
subjects  had  no  chance  to  keep  track  of  individual  cards,  and  none 
attempted  it.  At  first,  three  of  the  subjects  tried  a  few  times  to  an- 
ticipate the  side  on  which  the  letter  might  appear,  but  the  disappoint- 
ment on  having  it  then  appear  on  the  other  side  was  too  great  and  they 
soon  gave  it  up.  They  learned,  too,  that  one  could  make  the  best 
record  by  maintaining  steady  fixation  at  the  point  indicated  for  the 
purpose. 

The  simple  arrangement  of  No.  4,  which  proved  to  be  entirely 
satisfactory,  was  therefore  adopted.  \  It  gave  the  attention  never  more 
than  one  simple  thing  to  do,  thus  letting  the  results  depend  almost 
entirely  on  the  acuity  of  the  retina.  Besides  taxing  the  attention  of 
the  minimum,  this  arrangement  was  also  well  suited  to  bring  out  any 
differences  that  might  exist  in  the  acuity  of  the  opposite  sides  of 
the  retina.  Had  the  letters  appeared  on  the  opposite  sides  simul- 
taneously this  would  have  been  much  more  likely  to  cause  complica- 
tions. 

In  the  preliminary  experiments  most  of  the  letters  of  the  alpha- 
bet were  used.  It  was  some  time  before  it  occurred  to  me  to  use 
just  two,  and  have  them  distinguished.  The  two  letters  selected 
were  *'n"  and  '*u">  which  are  herewith  reproduced  in  the  quotation 
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marks.*  These  letters  are  very  much  alike  in  form,  and  to  distin- 
guish them  one  must  see  them  with  some  distinctness.  A  vague 
outline  impression  is  not  sufficient.  One  of  the  chief  gains  in  using 
two  letters  came  in  working  up  the  results.  It  allowed  the  method 
of  'right  and  wrong  cases'  to  be  applied  in  large  part. 

The  letters  were  pasted  upon  pieces  of  white  cardboard.    The  \ 
distances  from  the  fixation  point  generally  used  were  10,  15,  20,  25,    ] 
30, 35,  and  40  nun.,  or  1.91, 2.86,  3.81,  4.76,  5.71,  6.65  and  7.60  degrees.  / 
These  answered  the  purpose  very  well  except  for  one  subject,  J.  R.  S., 
who  had  an  abnormally  small  field.     For  him  the  distances  5,  7.5 
and  10  mm.  exhausted  the  range  from  distinct  to  entirely  indistinct 
vision.    The  letters  were  mounted  so  that  the  center  was  the  re- 
quired distance  from  the  fixation  point.    Any  other  arrangement, 
it  seemed,  would  introduce  slight  inequalities.    Care  was  taken  to 
select  only  perfect  letters,  printed  with  clear  black  lines,  uniform  from 
letter  to  letter.    The  cards  were  examined  frequently  and  whenever 
a  letter  had  become  perceptibly  worn  it  was  replaced.    The  cards, 
too,  had  to  be  changed  often,  owing  to  their  becoming  soiled. 

So  as  to  avoid  complications  coming  from  the  direction  of  atten- 
tion, it  was  the  aim  to  expose  the  cards  of  all  the  distances  used  with 
one  subject  in  one  series.  This  was  done  in  the  main,  but  it  occa- 
sionally happened  that  farther  or  nearer  distances  had  to  be  explored 
after  the  experiment  had  been  in  progress  for  some  time.  The  re- 
sults so  obtained  were  carefully  compared  with  those  obtained  when 
the  cards  were  all  in  one  series.  It  was  thought  that  the  subject, 
knowing  the  distances  at  which  the  letters  would  appear,  might  direct 
his  attention  accordingly.  No  effect  coming  from  the  influence  of 
this  was  noticeable,  however.  This  is  really  what  should  have  been 
expected,  because  the  letters  being  as  likely  to  appear  on  one  side  as 
on  the  other,  the  subject  could  not  direct  his  attention  to  any  par- 
ticular point.  But  even  after  this  was  evident  I  continued  in  my 
aim  to  explore  all  the  distances  together,  so  as  to  get  the  data  for  all 
imder  similar  conditions. 

The  apparatus  was  so  placed  that  the  fixation  point  was  about  \ 
29.3  cm.  from  the  cornea, 'or  30  cm.  from  the  crossing  point  of  the  lines  ^ 
of  direction  in  the  eye,  which  is  about  7.2  nmi.  back  of  the  cornea.' 
The  constancy  of  the  distance  was  maintained  by  means  of  a  guard 
resting  on  the  root  of  the  nose.    This  distance  was  very  close  to  the 
average  reading  distance  and  was  adhered  to  for  all  the  subjects, 

*  For  the  type  from  which  the  letters  are  reprinted  I  am  indebted  to  Mrs. 
F.  C.  Kress,  of  Dillon,  Montana,  owner  of  the  Dillon  Examiner. 
'  Sanford,    ExperimerUal  Psychology ^  p.  io6. 
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save  one.  This  subject,  G.  S.,  was  far-sighted,  and,  after  having  ob- 
tained some  data  from  him  at  30  cm.,  the  distance  was  changed  to  40 
cm.  This  enabled  him  to  acconmiodate  with  greater  ease  and  his 
results  showed  greater  regularity,  especially  with  the  letters  nearer 
the  fixation  point.  Only  the  results  obtained  at  the  farther  distance 
were  retained,  but  this  would  scarcely  have  been  necessary  because 
the  averages  in  the  two  sets  of  data  differed  little  from  each  other. 
This  being  true,  no  attempt  was  made  to  adjust  the  results  for  distance 
in  order  to  make  them  comparable  with  those  obtained  from  the  other 
subjects.  They  appear  to  be  comparable  as  they  stand.  What 
was  gained  by  bringing  the  image  of  the  letter  nearer  to  the  center 
of  the  fovea  seems  to  have  been  lost  by  decreasing  the  size  of  that 
image.  The  extent  upon  the  retina  on  which  an  object  can  be  recog- 
nized depends  directly  upon  the  size  of  the  object,  and  inversely  upon 
its  distance  from  the  eye. 

In  this  part  of  the  research,  data  were  obtained  from  eighteen 
subjects,  but  not  the  same  amount  from  each.  That  from  eleven 
only  was  regarded  sufficient  to  be  tabulated  in  detail  (Tables  I  to  VII). 
From  the  remaining  seven,  however,  enough  were  obtained  to  be  used 
in  the  correlations.  The  deviation  at  which  the  letters  could  be  dis- 
tinguished seventy-five  per  cent  of  the  time  was  determined  with  a 
fair  degree  of  assurance  in  all,  and  the  ninety  per  cent  deviation  in 
three  (see  Table  VIII). 

The  chief  reason  why  more  could  not  be  obtained  from  these, 
and  why  full  data  could  not  be  obtained  from  each  subject,  was  the 
limitation  in  the  amount  of  time  that  could  be  given  to  the  work, 
especially  by  the  subject.  To  get  full  data  from  one  subject  required 
approximately  thirty  hours.  This  is  clearly  too  much  time  to  give 
to  one  subject  in  a  study  purporting  to  ascertain  individual  differ- 
ences, and  indicates  that  the  method  adopted  is  not  feasible  for  this 
kind  of  work.  Something  more  rapid  is  needed  when  individual 
differences  are  looked  for,  so  that  more  ground  may  be  covered.  This 
might  be  achieved  by  using  as  a  unit  the  circle  with  one-eighth  of  the 
circumference  left  op)en.  This  would  allow  but  one  chance  in  eight 
to  guess  its  position,  whereas  the  n  and  the  u  allowed  one  chance  in 
two.    Results  could  therefore  be  obtained  more  rapidly. 

Full  data  from  a  subject  consisted  in  the  exploration  of  four 
meridians, — the  horizontal,  the  vertical,  and  two  oblique  meridians 
midway  between  these,  i.  c,  at  forty-five  degrees,  this  to  be  done  for 
both  eyes  together,  and  for  each  eye  separately,  j  All  these  meridians 
were  explored  in  only  four  subjects.  In  three  others  the  horizontal 
and  the  vertical  meridians  were  explored  in  both  eyes  and  in  each 


O    0«    O    Cn    0    On    0 

0   en    0   en    O  Oi    0 

O   en    0   en    0  en    O 

ft 

1 

DiaUnce  in  mm. 

s 

M 

1 

<^    O^  Cn   ^    0«    M    M 

^    On  Cn   ^   0>    »    « 

v4    On  en  *.   0»    M    - 

DisUnce  in  degrees. 

O^   O^  ^   ^    OC    OC  o 

O     0«      «      ON     -      ON     •-• 

On    On  ■vi    ■vi     00    00  sO 
O   Cn    •-•    On   «-•    On   i-i 

ON   On  ^   vj    oo   00  NO 

No.  judgments. 

^■8^^  Is 

0»    *^    ■vl    **J    ■vl 

0    0    0    0    0 

o  S  S  S  0 

Qo  O.  ^    Qo  U  U 

VD    0>    ^    ^     ON 

4<   ^    ^  ^-^ 
On         U    O.   Qo 

M     M     10     »4 

M     On  >0    yi    Vjt 
M     Ov  vj 

M        M        10        M        M 

00  ^  en  ^    ON 

> 

< 

K 
< 

f 

s. 

1 

§ 

s 

r- 

<X  >l     M     Qo    On  ^ 
^  Qd  Ci    bv  -(^ 
M            M     M     M 
(^     00  vj    ««j    o» 

(11  (11  ^    ooo 

0«     ^      M     0«      M 

4^    >0    VI    Qo  4W 

vj           U*     O.  M 

10     M     K>     M 

00  0»   vj   cn 

M   >o   U   vj    Itt 

M        10        M        M 
NO      M     04     NO     VJ 

k 
« 

«  8  8  8  ? 

No.  jndgmenU. 

8  8  8t 

8  8«t 

«?S*"8. 

Qo  Qo  O.  Vjt  ^ 
Qo4w    Qo 

M       10       M       M       •-• 

<^  -^  -^ 

X 
< 

? 

M     On    On 
M     -     - 

Ov  vj    ^^    0« 

^^        >b  -^ 

^    bo  ^   en 

>o   o.  u  u 

Qo  -k 

M     -     -     M 
->.     00  ^     ^ 

sa"8S 

vj    M    O^  U 

b.        b. 

M       M       M       M 

NO     00    00    •-• 

U  y»  VI  M  u 
Cn    b«  b^ 

NO  en  NO    00  en 

M 

^ 

?8?2?^ 

8  8  8  S 

???? 

No.  judgn 

enU. 

O.  ^^     Ov  ^^ 
K    K     K   ^ 

00  0«     QC 

On    On  M 

ia    ia  Oi 

M        M        10 

00    00    M 

O.  U     Itt    Vjt 

b.       vj 

O*    VI     ON  v4 

5 

k 
< 

1 

! 

Ui     Ov  <(^   u 

Ui   b.  Ut 

1^      10      1^      "^ 
M    O*    ^    vj 

if 

X 

'< 

« 

1 

S?8« 

^    U     Ov    Qo 
•^            IS*     Qo 

4^   Cn    00 

US5«  8 

yi  yi  u 

Ov    On 
ON    On  en 

8^  8^  8^  8^ 

No.  jndgmcnts. 

?g?<g 

g'g'g'^ 

Oof.  f.  U 
Ow   Ut   Ui   Ui 

M        M        1^        M 

SO    -^    -^     M 

k 
< 

f 

o 
s: 

1 

-f^    >l     On 

«     M      - 
0»     10     00 

Sn^US 

OnU     Oo*. 
K                    On 

»4       M       M 

QD  in   4^ 

Ov  ^^    -f^    -k 

b.  u,  u  u* 

M       M       M       •-• 

Oi    -^    •»>   •^> 

< 

s 

5 
1 

8:?"8S 

M        M        M 

00  Ol     10 

U  U  >o 

Ov 

1^-10 
ON  en  vj 

TablbV. 

SUBJBCT  W.  B 

;. 

a 

a 

a 

5 

1 
1 

HorixonUl. 

i 

V 

1 

9 

d 

Vertical. 

Ay. 

M.V. 

P.B. 

Av. 

M.V.    P.B. 

Av. 

up 

M.V. 

P.E. 

Down. 
Av.     M.V.     P.E. 

Both  eyes. 

lO 

1. 91 

20 

95 

95 

15 

2.86 

60 

Q2 

3 

I 

95 

5 

1.7 

20 

3.81 

100 

91 

4 

I 

QI 

4 

I 

100 

87 

7 

1.8 

77 

5-6 

1.4 

25 

4.76 

100 

85 

8 

2.1 

87 

7 

1.8 

100 

76 

6.8 

1.8 

64 

7.^ 

1-9 

30 

571 

100 

74 

7.^ 

1.9 

74 

6 

1-5 

100 

62 

7-2 

1.9 

60 

6 

1-5 

35 

6.65 

100 

64 

II 

2.9 

68 

6.4 

1.7 

40 

7.60 

40 

60 

*I0 

4.2 

63 

"5 

5 

Right  eye. 

10 

1. 91 

50 

90 

4 

1-4 

78 

3-2 

1.2 

15 

2.86 

50 

86 

7.-2 

2.7 

82 

32 

1.2 

20 

3.81 

60 

Q7 

4-5 

1.6 

89 

2.6 

•9 

50 

80 

8 

3 

62 

6,4 

2.4 

25 

4.76 

60 

83 

6.6 

2.3 

83 

7  7 

2.7 

50 

78 

136 

5-1 

60 

8 

3 

30 

5  71 

60 

80 

6.6 

2.3 

80 

6.6 

2.3 

35 

6.65 

60 

63 

7-7 

2.7 

63 

6.6 

2.3 

40 

7.60 

Left  eye. 

10 

1. 91 

50 

88 

6.4 

2.4 

88 

10.4 

3.9 

15 

2.86 

50 

82 

6.4 

2.4 

92 

9.6 

3.5 

20 

3.81 

60 

Q2 

5-6 

1-9 

Q2 

3 

I 

50 

82 

10.4 

3.9 

66 

8.8 

3.3 

25 

4.76 

60 

90 

3  3 

I.I 

87 

4-3 

1.5 

50 

54 

II. 2 

4.2 

63 

6.4 

2.4 

30 

5  71 

60 

72 

56 

1.9 

80 

6.6 

2.3 

35 

6.65 

60 

73 

7.6 

2.6 

58 

56 

1.9 

40 

7.60 

to 
IS 
20 

25 

30 
35 
40 


10 

15 
20 

^5 
30 
35 

40 


I 


^ 


Right  lid^ 
Av.    M.V,  )< 


1. 91 

3  4*1 

4  76 

5  71 
6.65 
7-60 


40 

90 

too 

100 

1€0 


90 
86 
63 


3 
8 
8 

36 
9 


1.91 

2.86 

3  81 

5  71 

6.65 
7.60 


70 

ICO 

too 

ICfO 

too 


94 
So 

75 
75 
60 


5 

S 
10 

9 
to 


80- 
84- 


-■ — t 


4* 
ST 


I 


o 

as 


ObUqufr—Bown , 


Rlfffatclde. 
At.    M.V.    RE. 


20 

9S 

too 

I 

80 

89 

4.^ 

1-3 

88 

5<S 

17 

^ 

1 30 

83 

19 

79 

4-? 

13 

% 

150 

89 

.8 

66 

^.J 

1.8 

f 

70 

67 

12 

3  9 

60 

J.6 

2,7 

40 

50 

So 
80 


98 
80 
59 
76 


J- 7 


15 
15 
19 

a. 3 


90 
90 

S9 
53 


5 

4 

9 

to 


3.t 
3 


40 

50 
80 
So 


95 
83 
78 
75 


5 
J 


a.i 

1.3 

r^5 


93 

84 
76 
66 


S? 
48 

7'^ 


^5 
1.8 
1.8 

2. 1 


to 

15 
30 

30 
35 
40 


1. 91 
3.86 

3  81 

4  76 
5.71 
6  65 
7,60 


70 
too 
too 

too 
100 


94 
83 
69 
73 
60 


4.8 
6.8 

9  4 

10.8 
S 


4t 
8« 


Obtlqae— Down. 


aide. 
Ar.     «.V.    P.B. 


At.    M.V.    P.S. 


I     35     6^5     90  I     71     ^ 
40     7  60     50  ^    56     4^ 


60 

83 

6.6 

J  3 

«3 

4  i 

60 

70 

6.6 

^3 

65 

J 

60 

57 

7^* 

J  7 

5a 

^J 

60 

48 

*  J 

39 

57 

6.6 

1  4 
17 
3  9 
3  J 


p 

I 

D 


30 

35 
40 


10 

15 
20 

35 

30 

35 
40 


10 

15 
20 

35 

30 

35 
40 


I 


Obi  ique — rkrwn . 


At.    M.V.     P.S. 


Icfl  dde. 
Av,    M  V.    P.E. 


Av.    M.V,^. 


20 

95 

i 

IQO 

1 

So 

&9 

4-2 

<-3 

88 

J.rf 

17 

^ 

120 

83 

J 

1.9 

79 

4^^ 

I  3 

1 

150 

89 

4 

.8 

66 

S.^ 

1.8 

1 

70 

67 

13 

3  9 

60 

8.6 

2.7 

L^ 


1.91 

2.S6 

3.«i 

4  :fi 

5  71 
6.65 
7.60 


40 
90 

ioo 
too 

ICO 


5 

S 

3.6 
9 


1.91 

2,86 

3^fii 

4  76 

5  7'  I  ^^^ 

ICO 

100 


70 
100 


6.65 
7.60 


94 

80 

7S 
75 
60 


5 

S 
10 

9 

10 


8c- 


40  q8 

50  1  80 

So  I  59 

80  76 


J  7 
4 

7.S 


IS 

3-3 


90 
9© 
59 
53 


J 
4 
9 


3.  I 

2.7 
3 


40 

50 

Bo 
So 


95 
8a 
78 
75 


J 

7  3 
5 


3.1 

15 


93 

84 
76 
66 


J  7 
7-» 


15 
1.8 
1.8 

3.1 


1,91 

2.86 
3.81 
4.76 
5  71 
6.65 
7.60 


70 

100 
100 

TOO 

IOO 


94 
83 
fig 

73 
60 


4.S 
6.S 

9  4 
10. S 
S 


4* 
5*- 


OblJltue~Dcvwn. 


RUhl 
ftide. 

Ai?.     M.V.    P.E. 


Av,     M.V.    P.B. 


35  I  6.65 
40      7.60 


90 
50 


71   I  6 
56     4-8 


60 

83 

6.6 

3.3 

83 

4-3 

60 

70 

6.6 

33 

65 

3 

60 

57 

7S 

3^7 

S3 

^3 

^1 

48 

S.3 

39 

57 

6.6 

r  4 

39 

2-5 


il-ll 
-  1 


Table  VI. 

Both  Eves. 

J 

HoriionUl, 

Vertical, 

^fd^! 

■ide. 

^P^ 

Down. 

0 

Z 

Av. 

M.V. 

PE. 

Av,     K,V,    P.E. 

1 

Av. 

M,V.    P.B. 

Av,      M.V. 

P.B. 

Subject  J,  M, 

i.ai 

2,86 

3-81 

20 

ZOO 

ZOO 

30 

95' 

i 

100 

A^ie 

30 

97 

42 

9T 

4--? 

50 

78 

i^ 

1,2 

90 

8 

29 

S  71 

60 

95 

5 

^■7 

97 

4.6 

1.6 

50 

7a 

J^ 

t.2 

76 

^4 

'9 

e,6s 

70 

86 

10.5 

3-4 

9a 

7 

2.2 

50 

58 

3-^ 

1.2 

74 

^4 

■9 

7  6o 

70 

ft4 

12 

3-8 

89 

10       ' 

3^ 

Subject  G,  S, 

l,6i 

2.86 

40 

95 

5 

3.1 

98 

3  7 

1.6 

3-81 

SO 

98 

3^ 

1.2 

94 

4^-^ 

kS 

80 

88 

J.^ 

I.I 

86 

6 

1.8 

4-7(> 

50 

86 

4.S 

i.S 

7e 

4-^ 

1,8 

So 

73 

P-4 

2.8 

74 

6 

1.8 

5^71 

50 

88 

6.4 

34 

64 

4.«? 

r.8 

6.65 

50 

83 

3^ 

1.2 

64 

7^2 

2.7 

7  6o 

20 

73 

is.s 

60 

s 

ubject  P.  L  (Chm( 

.se). 

1  91 

So 

89 

4J 

T.3 

86 

^3 

1.8 

2.86 

50 

78 

6.4 

2.6 

98 

3^ 

t.2 

JOO 

80 

8 

2.  t 

83 

7 

19 

3.8r 

70 

67 

6 

19 

90 

3  7 

t.8 

MOO 

73 

8,2 

2.1 

63 

iiS 

3 

4.76 

100 

81 

5-4 

^■3 

83 

6.S 

1.8 

100 

78 

6.3 

I.S 

57 

9 

*  3 

5-71 

100 

68 

6.S 

1.8 

74 

6 

1.6 

6  65 

7.60 

24  THE  FIELD  OF  DISTINCT  VISION 

eye  separately;  in  three  more  these  two  meridians  were  explored  in 
both  eyes;  and  in  one  all  four  meridians  were  explored  in  both  eyes. 
In  the  remaining  seven  subjects  some  data,  usually  twenty  judgments 
at  each  distance  of  the  letter  from  the  fixation  point,  were  obtained 
from  the  horizontal  and  the  vertical  meridians  in  both  eyes,  and  in 
each  eye  separately. 

The  data  obtained  in  this  part  of  the  research  are  tabulated  in 
Tables  I  to  VIII.  Table  VIII  is  essentially  an  abbreviation  of  the 
others,  except  Table  VII,  together  with  the  data  less  thoroughly  as- 
certained. In  it  only  two  points  in  each  meridian  explored  are  given 
for  each  subject,  the  point  at  which  ninety  percent  of  his  judgments 
were  correct,  and  at  which  seventy-five  per  cent  were  correct.  Where 
these  figures  were  not  given  in  the  data  as  found,  they  were  deter- 
mined arithmetically  from  the  percentages  on  each  side.  In  doing 
this,  it  was  assumed  that  the  variation  in  acuity  between  the  two 
points  was  uniform.  An  error  resulting  from  this  assimiption  can 
be  but  small,  for  the  points  were  always  slightly  less  than  one  degree 
apart,  or  five  mm.  on  the  card  seen  in  the  field. 

The  tables  give  the  distances  of  the  n  and  the  u  from  the  fixation 
point,  both  in  millimeters  and  in  degrees.  The  number  of  judg- 
ments has  reference  to  the  number  of  n's  and  of  u*a  distinguished, 
and  the  figure  in  each  case  applies  to  two  columns  of  averages.  The 
number  of  letters  distinguished  on  the  right  side  and  on  the  left  side 
of  the  fixation  point,  or  above  and  below,  was  the  same  for  any  pair 
of  corresponding  points,  hence  the  numbers  needed  to  be  printed 
but  once.  One  hundred  judgments  means  fifty  series,  for  in  each  series 
of  cards  exposed,  both  an  n  and  a  u  appeared  at  each  point  explored. 

In  addition  to  the  average,  both  the  M.  V.  and  the  P.  E.  are  given. 
In  working  up  the  data,  the  average  of  ten  judgments  was  arbi- 
trarily, taken  as  a  unit.*  The  variability  was  therefore  not  reck- 
oned from  as  many  figures  as  there  were  judgments,  but  from  one- 
tenth    as    many. 

The  variability  of  the  averages  must  be  looked  upon,  in  part,  not 
as  being  due  merely  to  chance,  but  as  the  result  of  observable  factors. 
The  chief  of  these  were  the  condition  of  the  subject  and  the  vari- 
ability of  the  retina.  The  retina  fluctuates  in  sensitivity,  a  fact 
noticed  by  all  the  subjects.  At  apparently  irregular  intervals  let- 
ters far  out  appeared  as  clear  as  those  nearer  did  at  other  times. 
An  appeal  to  eye  movements  will  not  explain  this  phenomenon  be- 

*  It  seemed  that  any  smaller  number  would  be  an  inadequate  unit,  and  it 
may  be  that  twenty  judgments  would  have  made  a  better  one  than  ten.  In 
most  instances  this  would  have  produced  a  slightly  smaller  P.  E. 
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cause  the  letters  appeared  clearer  in  all  directions,  and  the  intervals 
lasted  from  several  seconds  to  a  minute  or  more. 

The  retina  is  also  responsive  to  bodily  conditions.  So  much  is 
this  the  case  that  a  test  like  ours  might  be  used  to  measure  a  person's 
physical  condition,  and,  perhaps,  fatigue. 

The  effect  this  factor  had  is  best  illustrated  by  some  results. 
Subject  J.  M.  worked  one  day  when  he  was  not  feeling  well.  The 
results  from  fifty  judgments  in  the  vertical  meridian  for  the  distances 
20,  25,  and  30  mm.  averaged,  above  the  fixation  point,  76%,  76%, 
and  62%  as  against  95%,  78%,  and  72%  at  other  times;  and  below 
the  fixation  point,  86%,,  70%,  and  58%  as  against  100%,  90%,  and 
76%  at  other  times.  The  field  had  contracted  fully  two  degrees 
Seven  series  obtained  in  the  vertical  meridian  from  P.  L.,  while 
suffering  from  a  cold,  averaged  86%,  57%,  71%,  and  71%  as  against 
89%,  80%,  73%,  and  78%^  above,  and  71%,,  43%,  43%,  an^  64%,  as 
against  86%,  83%,  63%,,  and  57%  below.  The  most  conspicuous 
feature  here  is  the  erratic  nature  of  the  results  obtained  when  ill. 
The  subject  knew  he  could  not  see  well  and  that  he  was  guessing, 
and  he  asked  not  to  have  the  results  counted.  Experience  soon 
taught  me  not  to  work  with  a  subject  when  he  was  not  feeling  tolera- 
bly well,  or  when  he  had  been  making  excessive  use  of  his  eyes. 

Comparatively  little  of  the  variability  is  owing  to  the  effect  of 
practise.  The  extents  over  which  the  letters  could  be  distinguished 
75  per  cent  of  the  time  in  the  first  twenty  series  were  compared  with 
those  in  the  last  twenty  series.  In  eight  subjects  from  whom  forty 
or  more  series  were  obtained  when  looking  with  both  eyes,  four  had 
slightly  larger  extents  in  the  last  twenty  series  than  in  the  first  twenty, 
and  four  subjects  had  smaller  extents.  This  was  true  both  in  the  hori- 
zontal and  in  the  vertical  directions.  In  the  horizontal  direction 
the  average  extents  increased  from  65.6  mm.  to  67.4  nun.  while  in  the 
vertical  direction  they  decreased  from  45.7  to  45.2  mm.  This  indi- 
cates that  when  both  eyes  were  used  the  effect  of  practise  was  nearly, 
if  not  quite,  zero. 

But  when  the  eyes  were  used  singly,  practise  had  some  influence. 
In  the  horizontal  direction  six  subjects,  when  using  the  right  eye, 
uniformly  distinguished  the  letters  over  larger  extents  in  the  last 
twenty  series  than  in  the  first  twenty,  and  five  out  of  six  did  so  in  the 
vertical  direction.  The  average  extents  changed  respectively  from 
61.8  mm.  to  69.3  mm.  and  from  40.9  nun.  to  47.3  nun.  When  using 
the  left  eye,  four  subjects  out  of  six  improved  in  the  horizontal  direc- 
tion, and  five  out  of  six  did  so  in  the  vertical  direction.  The  aver- 
ages changed  from  64.4  mm.  to  66.3  nun.  and  from  41.8  nun.  to  44.4 
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mm.  This  improvement  with  the  single  eyes  was  very  likely  owing 
to  the  fact  that  the  subjects  became  accustomed  to  using  one  eye. 

When  one  eye  was  used,  the  view  of  the  other  eye  was  inter- 
cepted by  means  of  a  black  piece  of  cardboard,  which  was  fastened 
to  the  head-rest.  It  came  about  an  inch  in  front  of  the  e3re  and 
disturbed  the  subject  very  little.  In  fact,  after  a  little  practise  most 
of  the  subjects  were  seldom  conscious  of  its  presence. 

The  meaning  of  the  averages  given  in  the  tables  require  a  word 
of  explanation.  They  are,  of  course,  not  proportional  to  the  visual 
acuity.  A  region  with  a  percentage  of  75  is  not  three-fourths  as  acute 
as  one  with  a  percentage  of  just  barely  100.  It  is  more  nearly  one- 
fourth  as  acute.  A  percentage  of  50  means  that  the  acuity  for  the 
imits  employed  is  zero.  They  may  still  be  seen  but  can  no  longer 
be  distinguished.  Pure  guessing  should,  in  the  long  run,  give  us  that 
figure. 
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Fig.  II.     Right  eye,  vertical 

The  relation  of  the  acuity  of  a  sense  quality  to  the  percent  of 
right  cases  is  given  in  a  table  by  Fullerton  and  CattelL*  In  that  table 
an  acuity  that  gives  75  percent  of  right  cases  is  taken  as  imity. 
Ninety-one  percent  of  right  cases  indicates  an  acuity  twice  as  great; 
63  percent,  about  one-half  as  great;  57  percent,  about  one-fourth  as 
great;  and  so  on.^  The  steps  in  acuity  between  equal  differences  in 
the  scale  of  percents  are  not  equal.  They  are  comparatively  short 
in  the  region  of  seventy-five  percent  and  longer  toward  both  extremes. 

*  The  Perception  of  Small  Differences,  Phila.,  1892,  p.  16.  The  table  is 
reproduced  by  Sanford,  Experimental  Psychology,  p.  354 ;  and  by  Thomdike 
Mental  and  Social  Measurements,  p.  164. 

'  The  validity  of  this  relation  has  not  been  fully  demonstrated  empirically. 
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A  few  illustrations  of  the  relation  between  the  retinal  acuity  and 
the  corresponding  percent  of  right  cases  found  in  our  experiment  are 
shown  graphically  in  Figures  II,  III,  and  IV.  These  figures  corre- 
spond to  the  size  of  the  field  as  found.  The  abscissae  indicate  the 
deviations  from  the  fixation  point,  given  in  millimeters  in  the  lower 
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Pig.  IV.     Both  eyes,  horizontal 

half  of  the  figures  and  in  degrees  in  the  upper  half.  The  ordinates 
in  the  lower  part  of  each  figure  are  marked  off  in  equal  steps  corre- 
sponding to  the  decrease  in  percent  of  right  cases,  and  in  the  upper 
part  they  are  marked  off  in  equal  steps  corresponding  to  the  decrease 
in  retinal  acuity.  The  acuity,  just  keen  enough  to  distinguish  the 
letters,  is  here  taken  as  unity.    The  determinations  from  four  sub- 
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jects,  right  eye,  vertical  meridian,  are  plotted  in  Figure  II;  those 
from  four  subjects'  left  eye,  horizontal  meridian,  in  Figure  III;  and 
those  from  five  subjects'  both  eyes,  horizontal  meridians,  in  Figure  IV. 
No  striking  differences  between  the  lines  in  the  upper  and  the  lower  part 
of  the  figures  are  manifest.  The  lines  in  the  upper  part  are  more 
neariy  straight  than  those  in  the  lower  part,  which  indicates  that, 
as  one  goes  out  from  the  fovea,  the  retina  loses  its  acuity  in  the  main 
gradually. 

When  comparisons  are  made  between  the  lines  themselves,  and 
between  those  coming  from  different  subjects,  certain  differences 
become  apparent. 

The  lines  coming  from  the  different  subjects  ascend  with  unequal 
rapidity,  indicating  different  modes  of  decrease  in  retinal  acuity. 
This  is  illustrated  in  Figure  IV  by  subjects  J.  M.  and  W.  R.  and  other 
illustrations  may  be  found  in  the  tables.  No  doubt  there  is  here  a 
normal  variation  from  a  small  to  a  large  indistinct  field. 

When  the  lines  are  compared  among  themselves  it  is  noticed 
that  some  descend  to  points  lower  than  they  have  already  attained. 
This  indicates  a  higher  percentage  of  right  judgments,  and  conse- 
quently a  gain  in  visual  acuity,  as  a  point  farther  from  the  center 
of  the  fovea  is  reached.  Where  the  descent  is  small  it  may  be  owing 
to  chance,  but  this  is  certainly  not  always  the  explanation.  The 
subjects  were  usually  distinctly  aware  of  the  fact  that  there  were  places 
at  which  they  could  not  see  well. 

About  half  of  the  subjects  felt  that  it  was  more  difficult  to  dis- 
tinguish the  letters  20  or  25  mm.  from  the  fixation  point  than  at  the 
next  distance  farther  out,  and  this  shows  in  the  results.  Nearly  all 
the  regressions  in  Figures  II,  111,  and  IV,  for  example,  occiu*  between 
25  and  30  mm.  from  the  center.  When  the  letter  was  25  mm.  from 
the  fixation  point,  its  image  fell  approximately  one  millimeter  from 
the  center  of  the  fovea,  a  distance  corresponding  closely  to  its  radius.^ 
There  is  a  depression  in  the  yellow  spot  about  the  fovea  centralis, 
and  it  may  be  that  the  slope  of  this  depression  is  less  acute  than  points 
just  beyond.  This  might  well  be,  because  an  image  falling  on  this 
slope  would  be  somewhat  distorted.  The  reason  why  an  irregularity 
corresponding  to  this  point  does  not  appear  in  all  the  records  may  be 
found  in  the  fact  that  all  the  points  in  any  one  meridian  were  not  ex- 
plored, so  that  in  some  instances  no  image  might  have  happened  to 
fall  on  this  slope.  Then,  too,  the  slope  is  more  abrupt  in  some  people 
than  in  others. 

^  Dimmer,  Anatomic  und  Physiologie  der  Macuh  Lutea,  Leipzig  und  Wien, 
1894,  p.  6. 
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Aubert  and  Foerster,  when  exploring  their  retinas,  found  a  num- 
ber of  small  blind  spots  at  various  distances  from  the  center  of  the 
fovea.*  These  did  not  fall  in  the  zone  indicated  above,  and  must  be 
looked  upon  as  imperfections  in  the  retina.  I  also  found  such  imper- 
fections, but  they  could  seldom,  if  ever,  be  called  blind  spots.  They 
were,  however,  more  pronounced  than  those  already  mentioned. 

One  of  these  spots  occurs  in  the  data  obtained  from  the  writer. 
It  is  in  the  right  eye,  oblique  down,  on  the  right  side,  30  mm.  or  5.71 
degrees  from  the  fixation  point.  The  judgments  based  upon  letters 
appearing  there  seemed  to  me  to  be  guesses.  Although  the  spot  is 
in  the  right  eye  only,  it  showed  in  the  data  obtained  with  both  eyes. 
Here  an  effort  was  made  to  eliminate  it  by  taking  extra  data,  but  with- 
out success. 

The  most  pronounced  retinal  irregularities  were  found  in  F.  B., 
V.  H.,  and  E.  W.  When  working  with  the  right  eye,  F.  B.  could  not 
see  the  letters  at  all  on  the  left  side  beyond  15  mm.,  or  about  3  degrees, 
from  the  fixation  point.  About  10  percent  of  the  time,  he  thought 
he  saw  a  slight  blurr,  but  nothing  sufficient  for  identification. 

V.  H.  had  a  similar  condition  in  the  left  field  of  the  left  eye,  but 
slightly  less  pronounced.  At  25  mm.  out  he  still  saw  enough  to  ven- 
ture a  judgment,  which,  however,  was  just  as  likely  to  be  wrong  as 
right.  But  beyond  that  distance  he  got  even  a  faint  impression  only 
about  half  the  time.  On  the  right  side  the  field  was  normal,  reach- 
ing a  percentage  of  75,  approximately  30  mm.  from  the  fixation 
point.  E.  W.  apparently  had  two  variations,  including  both  the 
left  and  the  right  sides  of  the  left  eye.  At  25  mm.  the  keenness  of 
vision  was  much  reduced,  while  at  30  mm.  it  was  about  as  keen  again 
as  at  20  mm.  The  percentages  of  right  cases  from  twenty  judgments 
at  20,  25,  30,  and  35  mm.  were  on  the  right  side  respectively  90,  75, 
90,  and  75,  and  on  the  left  side  95,  50,  90,  and  75. 

The  individual  differences  in  the  areas  mapped  out  are  of  various 
kinds.  It  has  already  been  pointed  out  that  there  are  variations 
in  tlie  manner  in  which  the  acuity  falls  off  as  one  recedes  from  the 
center  of  the  fovea.  In  some  people  this  falling  off  in  acuity  is  less 
rapid  than  in  others,  giving  them  a  relatively  large  field  of  indistinct 
vision.  This  fact  makes  it  difficult  to  arrange  the  areas  of  the  various 
subjects  in  order  according  to  size.  The  order  is  slightly  different 
when  based  upon  the  90  percent  boundary  as  when  based  upon 
the  75  percent,  boundary.  The  irregularities  or  *  blind  spots '  which 
exist  in  some  retinas  and  not  in  others  may  also  be  looked  upon  as 
individual  differences. 


*  Physiologic  der  Nelzhaut^  p.  246. 
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An  inspection  of  Table  VIII  shows  that,  when  both  eyes  were 
used;  the  horizontal  extent  in  the  limits  of  which  the  letters  were 
rightly  distinguished  90  per  cent  of  the  time  varies  from  35  to  71  mm. 
This  is  a  variation  approximately  as  1-2.  In  the  vertical  direction 
the  corresponding  variation  is  from  31  to  46  mm.,  or  approximately 
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as  1  to  1.5.  If  the  area  that  had  the  longest  extent  horizontally 
had  also  the  widest  extent  vertically,  the  variation  in  area  should  be 
as  1-3.  But  this  is  not  true.  The  longest  area  is  not  necessarily 
the  widest,  and  vice  versa.  When  the  two  diameters  are  multiplied 
together  the  extreme  products  are  1386  and  3266,  showing  a  variation 
of  1-2.3.    In  these  comparisons  the  data  from  J.  S.  are  not  included. 
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His  areas,  as  may  be  seen  in  Figure  V,  are  abnormally  small  and  so 
should  be  considered  in  a  class  by  themselves. 

Some  of  the  variations  in  the  shape  of  the  areas  are  brought 
out  in  Figures  V-VIII.  The  data  on  which  these  figures  are  based 
came  from  Table  VIII.  The  diagrams  in  Figure  V  represent  the  actual 
size  of  the  fields  as  mapped.  The  large  diagram  is  a  medium-sized 
field  coming  from  G.  B.  when  using  both  eyes.  The  small  field  at 
the  center  shows  the  area  covered  on  the  retina  by  the  90  percent, 
limit.  The  small  figures  above  this  one  represent  the  fields  within 
which  J.  S.  could  distinguish  the  letters  90  percent  of  the  time.  The 
one  in  the  center  comes  from  both  eyes,  the  one  to  the  left  from  the 
left  eye,  and  the  one  to  the  right  from  the  right  eye.  The  right-hand 
side  of  all  these  figures  represents  the  right-hand  side  of  the  field. 

Figures  VI,  VII,  and  VIII  are  reduced  to  one-third  actual  size. 
The  top  one  in  each  case  comes  from  both  eyes,  the  middle  one  from 
the  right  eye,  and  the  bottom  one  from  the  left  eye.  As  would  be 
expected,  the  field  for  both  eyes  is,  as  a  rule,  larger  than  that  for  either 
of  the  single  eyes.  The  inner  line  represents  the  limit  where  the  let- 
ters were  named  correctly  90  percent  of  the  time,  and  the  outer  line 
where  they  were  named  correctly  75  percent  of  the  time.  Only  the 
points  in  the  horizontal,  the  vertical,  and  the  oblique  meridians  mid- 
way between  these  were  determined,  of  course.  The  short  lines 
parallel  to  the  radii  crossing  these  points  correspond  to  the  P.  E. 
The  chances  are  even  that  the  true  position  of  this  point  may  fall  any- 
where on  this  line.  The  double  line  in  the  middle  diagram  of  Fig. 
VIII  is  the  result  of  the  spot  mentioned  above.  Between  the  two  de- 
terminations the  percentages  fell  below  75,  thus  giving  two  points 
having  that  figure. 

The  small  field  at  the  center  of  each  diagram  again  represents 
the  area  covered  on  the  retina  by  the  90  percent  limit,  reduced  in  the 
same  ratio  as  the  diagrams.  It  was  determined  by  assimiing  that 
the  rays  of  light  cross  15.6  mm.  in  front  of  the  retina.*  The  horizontal 
diameter  of  this  area  varies  from  2  to  3  mm.,  or  taking  all  our  data, 
from  1.5  to  3  mm.  This  is  larger  than  the  corresponding  diameter  of 
the  fovea  as  fomid  by  Dimmer.  He  found  in  ten  careful  measure- 
ments a  variation  from  1. 1  to  2  nun.'  There  is  no  abrupt  fall  in  visual 
acuity  when  one  passes  beyond  the  limits  assigned  to  the  fovea. 

The  shape  of  the  field  of  acute  vision  varies  from  an  oblong  nearly 
twice  as  long  as  wide,  to  a  circle.  The  oblong,  however,  approxi- 
mates more  to  the  shape  of  a  rectangle  than  to  that  of  an  oval.    This 

*  Sanford,  Experimental  Psychology ,  p.  107. 
'  Op.  cit.,  p.  6. 
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form  evidently  corresponds  to  the  shape  of  the  fovea.  In  the  words 
of  Dimmer,  "Die  Fovea  ist  eine  meist  querovale,  oft  aber  auch  kieis- 
runde  Vertiefung."^  With  this  description  the  shapes  of  the  accom- 
panying diagrams  agree.  That  of  G.  B.  is  slightly  oblique,  a  posi- 
tion the  fovea  has  also  been  observed  to  take.' 

An  attempt  was  made  to  ascertain  the  shape  of  the  fovea  by 
means  of  an  ophthalmoscopic  examination,  but  with  only  limited 
success.  The  fundus  of  the  right  eye  in  five  subjects  was  examined.' 
The  retina  of  J.  S.,  whose  field  of  distinct  vision  was  found  to  be 
abnormally  small,  was  immediately  pronounced  pathological  by  the 
examiner.  A  well-marked  white  spot  indicating  the  position  of  the 
fovea  centralis  was  present,  but  this  was  surrounded  by  excessive 
and  irregular  pigmentation,  and  the  adjacent  fundus  was  mottled. 
Beyond  the  pigmentation  the  retina  was  marked  with  Tay's  spots, 
which  indicate  a  pathological  condition  that  usually  comes  on  in  old 
age  and  is  seldom  seen  in  a  person  of  the  age  of  J.  S. 

The  depression  surrounding  the  fovea  centralis  appears  ophthal- 
moscopically  slightly  darker  than  the  adjacent  fundus,  owing  to  the 
fact  that  because  of  the  slope  of  the  sides  it  reflects  less  light  to  the 
examiner's  eyes.  The  dark  area  corresponding  to  this  depression 
appeared  circular  in  H.  R.,  which  is  practically  the  shape  of  her 
field.  In  the  center  of  the  area  appeared  a  crescentic  white  spot. 
Unfortimately,  the  dark  area  was  not  distinct  enough  to  be  assigned 
a  definite  shape  in  the  remaining  three  subjects.  None  whatever 
could  be  seen  in  the  eyes  of  J.  M.  and  W.  R.,  and  in  S.  F.  it  was  ex- 
tremely small.  The  fovea  centralis  was  marked  in  J.  M.  by  a  minute 
whitish  spot  with  only  a  trace  of  pigmentation  about  it,  while  there 
were  no  such  spots  observable  in  the  eyes  of  S.  F.  and  W.  R.  Pig- 
mentation nearly  circular  in  form  was  present  in  W.  R.,  but  none 
could  be  made  out  in  S.  F. 

Wertheim*  found  that  beyond  15  degrees  from  the  fixation  point 
the  field  of  indirect  vision  resembled  that  of  the  color  zones.  He 
said  "the  acuity  of  vision  decreases  most  rapidly  above;  a  little  less 
rapidly  below;  still  more  slowly  on  the  medial  side;  and  most  slowly 
on  the  lateral  side."  Within  15  degrees,  however,  he  found  practic- 
ally no  difference  between  the  lengths  of  the  lateral  and  medial  radii 

^  Op.  cit.^  p.  13. 

•  Norris  and  Oliver,  System  of  Diseases  of  the  Eye,  Philadelphia,  1897,  Vol. 
I,  p.  328  (Piersol). 

'  The  examination  was  kindly  made  by  Dr.  \V.  A.  Holden,  of  the  College 
of  Physicians  and  Surgeons,  New  York. 

*  Zeitsch.  f.  Psych.,  Vol.  VII,  pp.  184. 
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and  between  that  of  the  upper  and  the  lower*    This  conclusion  Is 

substantiated  by  my  results.    There  ai*e  no  pronounced   constant 
differeaccs  between  these  two  pairs  of  radii  revealed  in  my  data. 

It  was  thought  that  the  habit  of  looking  and  attending  to  the  right 
in  reading  might  tend  to  make  the  field  on  that  side  larger  than  on 
the  left  side-  But  no  such  constant  difference  was  found*  When 
both  eyes  were  used  together  the  field  was  quite  as  likely  to  be  a  little 
larger  on  the  left  side  as  on  the  right.  Averaging  the  distances  of 
the  90  percent  and  the  75  percent  limits  from  fourteen  eubjecta  gives 
28,3  mm.  for  the  right  side  and  28.8  mm.  for  the  left.  There 
mtniBj  however,  to  be  a  tendency  for  the  field  to  be  slightly  larger  on 
the  ri^t  side  for  the  right  eye,  and  on  the  left  side  for  the  left  eye* 
This  is  the  outer  field  and  conesponda  to  the  deviation  in  the  field 
of  vision  as  a  whole.  In  eight  subjects  who  had  no  conspicuous 
retinal  defects  and  from  whom  sufficient  data  were  obtained,  only  one 
had  a  slightly  larger  left  field  in  the  right  eye^  and  three  had  a  slightly 
larger  right  field  in  the  left  eye.  The  averages  for  the  eight  are  re- 
spectively for  the  right  and  the  left  fields,  30.2  mm*  and  27,5  nun, 
for  the  right  eye  and  26  mm.  and  27  mm,  for  the  left  eye.  The  differ- 
ences are  small  and  might  disappear  with  data  from  more  subjects, 
but  they  are  suggestive.  They  nii^ht  here  be  explained  by  the  fact 
that  the  eye  was  always  a  little  liearer  to  the  letters  in  the  outer 
field  than  to  those  in  the  mner  field,  and  for  that  reason  they  could 
be  distinguished  more  readily. 

An  examiiiation  of  Table  VIII  reveals  somewhat  larger  varia- 
tions in  the  vertical  meridian  than  in  the  horizontal  meridian.  Some 
subjects  could  see  considerably  farther  out  on  one  aide  of  the  fixation 
point  than  on  the  other,  but  no  significant  constant  tendency  is  dis- 
cernible. For  the  right  eye  (six  subjects)  the  average  extent  of  the 
field  is  -4  mm,  greater  downward,  while  for  the  left  eye  and  for  both 
©yea  (ten  subjects)  it  is  approximately  1  mm.  greater  upward-  No 
significance  can  be  attached  to  these  figures.  The  deviation  occurs 
in  one  direction  just  about  as  often  as  in  the  other. 

It  was  the  original  intention  to  get  data  also  from  members  of 
races  other  than  the  Caucasian  so  that  interracial  comparisons  might 
be  made,  but  it  did  not  prove  practicable  to  do  this  to  any  great  ex- 
tent* Subject  P.  L.,  whose  data  are  tabulated  in  Table  VI,  is  a  Chinese. 
His  area  is  among  the  smallest  I  found,  but  one  can  draw  no  conclu- 
sion from  this  in  regard  to  race  differences.  His  eyes  are  somewhat 
defective,  which  probably  accounts  for  his  limited  field  Data  ob- 
tained in  the  preliminary  experiments  from  another  Chinese  and  from 
a  Japanese  go  to  show  that  the  Mongolian  race  is  at  no  advantage 
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in  the  size  of  the  acute  field.  The  Chinese  gave  indications  of  having 
a  field  of  about  average  extent,  while  that  of  the  Japanese  was  con- 
siderably above  the  average.  It  would  probably  have  taken  rank 
among  the  upper  fourth  or  fifth. 

Notice  may  be  taken  at  this  time  of  the  data  obtained  from  J.  S. 
He  has  been  referred  to  a  number  of  times  as  having  an  abnormally 
small  distinct  field.  He  could  distinguish  the  letters  even  when  using 
both  eyes  within  a  total  visual  angle  of  scarcely  1.5  degrees.  The 
average  for  the  other  subjects  was  about  10  degrees.  When  using 
one  eye  his  angle  shrank  to  about  one  degree.  The  field  that  this  in- 
dicates would  be  represented  on  the  retina  by  a  spot  approximately 
.23  mm.  in  diameter.  This  corresponds  closely  to  the  dimensions 
assigned  to  the  fovea  centralis,  or  foveola,  which,  according  to  Dim- 
mer,^ varies  from  .12  mm  to  .3  mm  in  diameter.  It  seems  then  that 
we  have  here  a  case  in  which  distinct  vision  is  limited  to.  the  foveola. 

The  data  obtained  from  this  subject  are  tabulated  in  Table  VII. 
Decisive  judgments  were  as  a  rule  always  demanded  of  a  subject, 
for  only  right  and  wrong  judgments  were  recorded.  But  here  it  was 
thought  wise  to  deviate  from  that  rule,  for  when  J.  S.  did  not  recog- 
nize a  letter  he  usually  had  seen  nothing  of  it,  so  that  he  could  not 
tell  even  in  which  direction  from  the  center  it  lay.  Aftar  the  data 
in  the  horizontal  meridian  had  been  obtained,  a  record  of  the  letters 
not  seen  was  kept,  and  appears  in  the  table.  He  frequently  said 
that  he  saw  only  half  of  the  letter,  which  indicates  that  his  boundary 
line  of  distinct  vision  is  extremely  sharp. 

The  occasional  recognition  of  letters  beyond  what  appears  to  be 
his  limit  may  be  explained  by  small  eye  movements.  Fixation  is 
seldom,  if  ever,  entirely  steady.^ 

Although  with  an  exposure  time  of  50  sigma,  this  subject  could 
not  tell  even  in  which  direction  a  letter  lay,  whose  line  of  direction 
made  an  angle  of  45  minutes  or  more  with  the  line  of  sight,  he  was  at 
no  corresponding  disadvantage  in  other  visual  tests.  He  himself 
had  not  known  previous  to  these  tests  that  he  had  a  constricted  field. 
He  could  distinguish  buildings  and  a  waving  flag  about  as  far  from 
the  fixation  point  as  other  people,  and  he  was  at  no  apparent  disad- 
vantage in  seeing  the  carrier  on  the  perimeter  at  90  degrees  in  the 
outer  field.  His  color  zones  were  the  smallest  I  found,  but  they 
formed  no  break  in  series  with  those  of  the  other  subjects.  His  visual 
acuity  was  fully  up  to  the  average.     He  is  a  slow  reader  and  makes 

*  Op.  ciL,  p.  14. 

2  Cf.  C.  N.  McAllister,  'Points  of  Fixation  in  the  Visual  Field',  Psych.  Rev., 
Mon.  Sup.  Vol.  VII,  No.  i,  pp.  17-54. 
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many  eye  movements  per  line,  but  in  neither  of  these  characteris- 
tics did  he  take  lowest  rank. 

After  the  foregoing  data  had  been  collected,  an  attempt  was 
made  to  standardize  the  unit  of  vision  that  was  used.  I  aimed  to 
draw  a  hook  that  would  give  approximately  the  same  results  as  the 
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n  and  the  u.  After  a  number  of  failures,  closely  corresponding  results 
were  obtained  with  a  hook  that  was  essentially  a  square  with  one 
side  open,  having  a  length  of  side  of  one  millimeter.  The  horizontal 
line  in  the  letters  was  lighter  than  the  vertical  lines,  and  therefore 
harder  to  see,  while  in  the  hooks  the  lines  were  all  of  equal  weight. 
This  made  it  necessary  to  make  the  hooks  smaller  than  the  letters. 

The  hooks  were  drawn  with  a  fine  (Gillott  170)  pen,  and  black 
India  ink,  and  the  lines  were  about  two-tenths  of  a  millimeter  wide. 
The  hooks  were  faced  like  the  n  and  the  u,  one  up  and  one  down, 
and  were  exposed  in  the  same  manner.  Data  were  obtained  from 
three  subjects.  So  as  to  make  the  comparison  entirely  fair,  the  let- 
ters were  exposed  alternately  with  the  hooks.  Five  series  of  hooks 
were  exposed  and  then  five  series  of  letters. 

The  results  are  condensed  in  Table  VIIIA.  With  the  exception  of 
one  record,  that  of  H.  R.  horizontal,  the  correspondence  between  the 
hooks  and  the  letters  is  fairly  close.  In  fact,  it  is  just  as  close  as 
the  correspondence  between  the  records  obtained  with  the  letters  in 
the  former  tests  and  that  obtained  with  the  letters  here. 

It  is  worth  noting  that  the  discrepancies  between  the  two  rec- 
ords obtained  with  the  letters  are  not  always  within  the  probableerror. 
They  are  more  nearly  within  the  mean  variation.  This  agrees  with 
the  observation  made  by  Professor  Cattell,  namely  that  the  P.  R 
gives  us  a  higher  degree  of  certainty  than  is  warranted.  It  should 
probably  be  interpreted  to  mean  that  it  would  apply  if  the  deter- 
minations could  be  actually  repeated. 


PART  III— CORRELATIONS 

A  knowledge  of  the  relationship  between  facts  is  as  valuable 
as  a  knowledge  of  the  facts  themselves,  and  frequently  more  so.  It 
is  for  this  reason  that  a  large  share  of  the  time  given  to  this  study 
was  devoted  to  the  ascertaining  of  relationships.  In  addition  to  the 
extent  of  the  field  of  acute  vision,  a  number  of  other  items  were  also 
obtained  from  each  subject,  and  these  have  been  correlated  among 
themselves  in  various  ways. 

In  the  following  pages  usually  two  numbers  are  given  to  express 
each  correlation.  One  of  these  is  the  Pearson  coefiicient  of  correla- 
tion and  the  other  is  the  percent  of  displacement. 

The  Pearson  coefiicient  is  now  so  generally  imderstood  that  the 
method  of  obtaining  it  need  not  be  given.^  ''It  expresses  the  de- 
gree of  relationship  from  which  the  actual  cases  might  have  arisen 
with  least  improbability.  It  has  possible  values  from  +100  percent 
through  0  to — 100  percent.  A  coefiicient  of  correlation  between  two 
abilities  of  +100  percent  means  that  the  individual  who  is  the  best  in 
the  group  in  one  ability  will  be  the  best  in  the  other,  that  the  worst 
man  in  the  one  will  be  the  worst  in  the  other,  that  if  the  individuals 
were  ranged  in  order  of  excellence  in  the  first  ability  and  then  in  order 
of  excellence  in  the  second,  the  two  rankings  would  be  identical, 
that  any  one's  station  in  the  one  will  be  identical  with  his  station 
in  the  other  (both  being  reduced  to  terms  of  the  variabilities  of  the 
abilities  as  units  to  allow  comparison).  A  coefficient  of — 100  per- 
cent would  per  contra  mean  that  the  best  person  in  the  one  ability 
would  be  the  worst  in  the  other,  that  any  degree  of  superiority  in 
the  one  would  go  with  an  equal  degree  of  inferiority  in  the  other, 
and  vice  versa.  A  coefficient  of  +62  percent  would  mean  that  (com- 
parison being  rendered  fair  here  as  always  by  reduction  to  the  varia- 
bilities as  units)  any  given  station  in  the  one  trait  would  imply  62 
hundreths  of  that  station  in  the  other.  A  coefficient  of  — 62  would 
of  course  mean  that  any  degree  of  superiority  would  involve  62  hun- 
dredths as  much  inferiority,  and  vic^  versa. "^ 

A  method  of  expressing  relationships  by  means  of  the  percent 
of  displacement  has  recently  been  advanced  by  Professor  R.  S.  Wood- 
worth.^     It  is  simpler  than  the  Pearson  coeflBcient  and  gives  results 

*  For  an  exposition  of  this  method  see  Thoradike,  Mental  and  Social  Meas- 
urements, Chapter  IX. 

'  Thorndike,  Educational  Psychology,  p.  26. 
'  UnpubHshed. 
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in  a  much  shorter  time.  It  takes  into  consideration  only  the  relative 
position  of  the  measm^ments  compared,  and  notes  the  amount  of 
agreement  or  disagreement  in  the  orders. 


1  E.  W. 

2 

2  A.  A. 

10 

3  H.  W. 

4  F.  H. 

1     2 
6    1 

(n— i)n     (10  — 1)10 

5  S.  F. 

4    2 

2                   2 

6  H.  R. 

7     1 

7  L.  W. 

5    3 

8  H.  C. 

9    1 

18-^45  =.40  =40  percent  of    displacement    or 

9  W.  R. 

3    6 

transposition 

10  F.  C. 

8    2 

18 

The  manner  of  finding  the  percent  of  displacement  may  be  illus- 
trated by  means  of  two  orders  from  among  my  determinations.  The 
column  of  initials  is  a  serial  arrangement  of  ten  subjects  according 
to  the  extent  of  the  color  zones  in  the  left  eye.  The  numbers  in  the 
next  column  indicate  the  rank  of  the  same  ten  subjects  when  arranged 
according  to  the  visual  acuity  of  the  left  eye.  Clearly  the  subjects 
do  not  take  the  same  order  in  the  two  traits.  The  amount  of  dis- 
placement between  the  two  orders  may  be  noted  in  the  column  of 
figures  standing  for  the  rank  in  acuity.  The  first  figure,  2,  does  not 
follow  a  larger  number  than  itself,  and  the  next  number,  10,  does  not; 
1  follows  two  numbers  larger  than  itself;  6  follows  one;  4,  two  and  so 
on.  The  amounts  the  different  numbers  are  displaced  are  given  in 
the  last  column.    They  give  a  sum  of  18. 

The  total  amount  of  displacement  possible  may  be  found  accord- 
ing to  the  formula  —    — '  in  which  n  stands  for  the  number  of  cases 

compared.    Applying  this  formula  here  gives  us  45;  and  dividing  18 
by  45  gives  us  .40,  the  percent  of  displacement. 

It  may  now  be  readily  understood  what  correlations  the  different 
percents  of  displacement  signify.  A  zero  percent  signifies  perfect 
relationship.  The  person  who  is  best  in  one  trait  is  also  best  in  the 
other,  and  the  poorest  in  one  is  also  poorest  in  the  other.  A  displace- 
ment of  100  percent  signifies  complete  antagonism.  A  person  who 
is  best  in  one  trait  is  poorest  in  the  other,  and  vice  versa.  No  relation- 
ship is  indicated  by  a  displacement  of  50  percent.  This  means  that 
nothing  can  be  predicted  from  a  person's  rank  in  one  trait  about  his 
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rank  in  the  other  trait  with  which  the  first  has  been  compared*  Per- 
cents  of  displacement  between  zero  and  fifty  indicate  relationships 
that  decrease  as  the  percents  increase*  Percents  of  displacement 
between  fifty  and  one  hundred  indicate  antagpnisnia  that  increase 
with  the  percents* 

Correlation  determined  by  the  percent  of  displacement  takes 
into  consideration  only  the  relative  position  of  the  measurements 
compared.  The  amount  of  deviation  above  or  below  the  average 
does  not  enter  into  the  calculation^  When  the  number  of  measure- 
ments is  large,  this  is  a  diaadv^antage,  and  the  Pearson  coefficient 
which  is  seJisitive  to  amount  of  deviation^  ia  more  accurate.  But 
when  the  number  of  measurements  Is  small,  as  most  of  mine  b^, 
this  is  an  advantage.  It  is  not  distorted  by  extr^ne  deviations,  as 
the  Pearson  coefficient  is  likely  to  be.  It  has  an  advantage  over  the 
Pearson  coefficient  similar  to  that  possessed  by  the  median  over  the 
average*  The  number  of  measurements  compared  in  the  tables 
that  follow  being  comparatively  small,  I  feel  that  the  percent  of  dis- 
placement is  the  safer  figure  to  accept  when  there  is  a  diserepaiiey 
between  the  correlationB  obtained  by  the  two  methods.  I  found  in 
an  extreme  ease,  for  example,  a  Pearson  coefficient  of  +,27  and  a 
displacement  of  49  percent  when  ten  measurements  were  compared, 
one  of  which  deviated  excessively  from  the  average.  Omitting  this 
case,  the  Pearson  coefEcieat  became  — .31  and  the  percent  of  dis- 
placement 6h 

lllumon  of  Sq^mre  and  'Gdden  Secli&n.^ 

The  first  correlations  considered  are  two  with  the  shape  of  the 
field  of  distinct  vision  as  a  whole.  They  were  made  between  the  ob- 
longness  of  the  field  and  the  illusion  in  the  perception  of  distances 
depending  on  their  direction  in  the  field  of  vision,  and  the  variation 
in  the  choice  of  a  'golden  section/  People  usxially  overestimate 
vertical  as  compared  with  horizontal  lines,  but  the  amount  of  illusion 
differs  for  individuals;  and  the  ratio  of  height  to  length  of  a  rectangle 
that  is  preferred  varies  with  different  people.  It  was  thought  that 
these  variations  might  bear  a  relation  to  the  variations  in  the  shape 
of  the  field  of  distinct  vision.  A  high!}'  oblong  field  might,  for  ex- 
ample, exaggerate  the  overestimation  of  vertical  lines  because  it  would 
necessitate  greater  eye  movements  to  bring  objects  in  the  vertical 
plane  to  clear  vision  than  would  be  necessitated  by  a  less  oblong  field* 
The  shape  of  the  rectangle  preferred  might  correspond  to  the  shape 
of  the  field  of  vision  because  it  might  be  moat  agreeable  to  have  the 
two  fit  together** 

*  A  suggestion  made  by  Prafe^or  Cattell. 
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The  illusion  of  vertical  as  compared  with  horizontal  extents  I 
tested  with  rectangles.  I  had  twenty-eight  of  these  drawn  on  a 
sheet  of  paper  which  was  pasted  on  the  wall  directly  in  front  of  the 
subject.  The  rectangles  were  all  20  mm.  wide,  but  varied  from  15 
to  25  mm.  in  height,  six  of  them  being  true  squares.  The  subject  was 
requested  to  designate  by  number  all  those  that  looked  to  him  to  be 
square.  He  was  warned  not  to  allow  his  knowledge  of  the  illusion 
to  influence  his  judgment.  Data  were  obtained  from  ten  subjects, 
and  from  five  to  eight  figures  were  designated  by  each.  These  differed 
in  height,  and  the  average  of  the  heights  of  all  was  taken  as  a  person's 
measure.  The  averages  were  then  compared  with  the  ratios  of  the 
vertical  to  the  horizontal  diameter  of  the  field  of  distinct  vision.  The 
percent  of  displacement  between  the  two  orders  was  42,  and  the  Pear- 
son coefficient  +.10.    If  any  correlation  exists,  it  is  evidently  slight. 

In  the  choice  of  a  rectangle  of  preferred  proportions,  two  tests 
were  made.  One  of  these  consisted  of  making  a  selection  from  a  chart 
containing  thirty-six  figures  which  varied  from  35  to  105  mm.  in  height 
by  100  mm.  in  width.  The  chart  was  suspended  on  the  wall  and  the 
subject  was  about  twenty  feet  away  when  he  chose.  The  other  test 
consisted  of  making  a  selection  from  a  set  of  nine  rectangles  cut  from 
cardboard.  These  also  were  100  mm.  wide  and  varied  from  25  to  100 
mm.  in  height.  The  subject  was  close  to  them  when  he  chose  and 
was  permitted  to  handle  them. 

Ten  subjects  took  part  in  the  tests.  The  selections  from  each 
set  were  made  independently  of  each  other,  usually  several  days  apart, 
so  that  when  the  second  selection  was  made  the  subject  had  forgotten 
what  ratio  of  sides  he  had  chosen  in  the  first.  Although  most  of 
the  subjects  had  no  pronounced  preference  for  any  particular  shape, 
regarding  it  as  largely  a  matter  of  caprice  which  they  chose,  the 
correlation  between  the  two  selections  was  high.  There  was  a  dis- 
placement between  them  of  only  15  percent. 

The  ratio  of  the  height  to  the  width  of  the  rectangles  chosen 
varied  from  .57  to  .96  on  the  chart,  and  from  .5  to  .8  with  the  cards. 
These  ratios  were  compared  with  the  ratios  of  the  vertical  to  the  hori- 
zontal diameters  of  the  field  of  vision,  a  separate  comparison  being 
made  for  each  of  the  two  tests.  The  percent  of  displacement  with ' 
the  cards  was  55  and  that  with  the  figures  on  the  chart  was  40.  The 
Pearson  coefficient  in  the  second  case  was  +  .34,  but  it  is  not  reliable, 
the  positive  amount  all  being  caused  by  the  extreme  deviation  of  one 
case.  The  number  of  positive  and  negative  ratios  was  the  same. 
Had  any  pronoimced  positive  or  negative  correlation  been  indicated 
I  should  have  corrected  for  attenuation,  but  this  did  not  seem  necessary 
under  the  circumstances. 
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The  number  of  caaes  compared  was  small,  but  the  variations 
were  so  haphazard  that  I  feel  a  high  degree  of  confidence  in  the  con- 
clusion that  there  is  little  or  no  correlation  between  the  oblongness 
of  the  field  of  vision  and  the  shape  of  rectangle  preferred.  A  person 
with  a  long  and  narrow  field  is  just  about  as  likely  to  prefer  a  rectangle 
of  opposite  proportions  as  one  of  the  same  proportions  as  his  field. 
The  source  of  the  preference  must  be  looked  for  elsewhere.  It  is  very 
likely  central  in  the  main,  and  may  in  part  be  owing  to  acquired  as- 
sociations. 

Color  Zones, 

The  color  zones  were  mapped  with  a  McHardy  perimeter.  The 
work  was  done  near  a  large  window  and  a  stimulus  area  of  1  sq.  cm 
was  used.  Various  colors  were  tried,  but  it  was  finally  decided  to 
use  the  ones  on  the  perimeter.  Difficulty  was  experienced  with  the 
yellow  and  the  green.  With  the  area  used,  these  colors  could  not 
be  seen  out  as  far  as  the  blue  and  the  red  respectively.  The  blue 
and  the  red,  however,  gave  satisfactory  results,  and  as  the  zones  for 
them  coincide  with  those  of  the  yellow  and  the  green  respectively,* 
the  latter  were  dropped  from  the  experiment. 

Four  radii,  the  horizontal  and  the  vertical,  were  explored  in  each 
eye.  As  a  rule  only  one  determination  was  made  with  each  subject, 
but  the  various  colors  were  presented  from  three  to  ten  times  in  each 
radius,  or  until  both  the  operator  and  the  subject  felt  that  the  most 
likely  limit  had  ben  established.  A  second  determination  was  made 
for  two  of  the  subjects  and  the  results  compared  with  the  first.  The 
discrepancies  between  the  two  determinations  were  slight.  Still, 
it  must  be  admitted,  that  the  ordinary  perimeter  is  not  adapted  to 
give  results  of  any  high  degree  of  precision.  What  we  should  have 
is  a  perimeter  by  means  of  which  we  could  expose  one  of  several 
colors  in  the  two  opposite  radii  for  a  space  of  time  less  than  the  reac- 
tion time  of  the  eye.  This  would  eliminate  eye  movements  and  al- 
low the  method  of  right  and  wrong  cases  to  be  applied. 

The  figures  standing  for  the  extension  of  the  color  zones  in  de- 
grees are  given  in  Table  IX.  The  arrangement  of  the  figures  corre- 
sponds to  their  position  in  the  field.  The  left-hand  figure  indicates 
the  extension  in  the  left  field;  the  right-hand  figure,  the  extension  in 
the  right  field;  the  upper  figure  the  extension  in  the  upper  field;  and 
the  lower  figure  the  extension  in  the  lower  field. 

The  correlations  between  the  extension  of  the  color  zones  and 
other  phenomena  of  vision  are  condensed  in  Table  X.  First  the  abso- 
lute diameters  both  in  the  horizontal  and  in  the  vertical  directions 


*  J.  W.  Baird,  Color  Sensitivity  of  the  Peripheral  Retina,  1905,  p.  61. 
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were  compared  for  both  eyes  working  together.  The  color  zones  were, 
of  course,  determined  only  for  each  eye  separately,  but  as  the  vision 
of  both  eyes  is  fully  equal  to  that  of  the  better  single  eye,  the  longer 
diameter  was  imiformly  chosen  when  there  was  a  difference  in  the 
two  eyes.  It  should  be  noted  further  that  as  two  limits  were  deter- 
mined in  each  of  the  two  cases  compared, — one  for  the  blue  and  one 
for  the  red  in  color,  and  that  for  the  90  percent  limit  and  that  for 
the  75  percent  limit  in  vision, — ^the  average  of  the  two  was  used  in 
these  and  in  the  following  comparisons  whenever  possible.    The  areas 
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of  the  color  fields  were  accordingly  found  by  multipl3dng  the  average 
of  the  number  of  degrees  of  the  blue  and  of  the  red  in  the  horizontal 
meridian  by  the  average  of  the  corresponding  numbers  in  the  vertical 
meridian.  Similarly  the  areas  of  the  fields  of  acute  vision  was  foimd 
by  multipl3ring  together  the  average  diameters  in  millimeters.  This 
gave  equal  weight  to  each  of  the  two  determinations  that  entered 
into  the  comparisons. 

Tablb  X. — Correlations  with  Color  Zonbs. 
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The  Pearson  coefficients  found  m  this  comparison  are  — .06 
and  — .36  respectively  for  the  horizontal  and  the  vertical  meridians. 
The  percents  of  displacement  are  42  and  58,  showing  respectively 
a  slight  positive  and  a  slight  negative  relation.  The  figures,  how- 
ever, all  hover  close  to  the  point  of  no  correlation,  and  this  is  most 
likely  what  they  should  be  interpreted  to  mean. 

The  next  correlation  was  made  between  the  areas  of  the  two  fields. 
This  was  done  separately  for  each  eye.  The  figures  compared  were  ob- 
tained, as  indicated  above,  by  finding  the  products  of  the  horizontal 
and  the  vertical  meridians.  These  evidently  do  not  give  the  areas 
exactly,  but  they  are  very  nearly,  if  not  entirely,  proportional  to  them 
and  as  my  comparisons  touched  only  their  order  in  size,  they  were 
sufficiently  exact.  Only  the  percentages  of  displacement  were  found. 
They  are  respectively  for  the  right  and  for  the  left  eyes  35  percent  and 
45  percent,  again  showing  but  a  slight  degree  of  relationship. 
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So  as  to  make  the  test  of  relation  more  refined,  the  ratios  of  the 
corresponding  radii  were  correlated.  Even  though  there  is  little  or 
no  correlation  apparent  when  the  absolute  numbers  are  compared,  a 
relation  might  still  exist  between  the  variations  in  the  extensions  of 
the  two  fields  in  the  different  directions  from  the  center  of  the  fovea. 
This  relation  might  hold  even  though  there  was  no  relation  between 
the  sizes  of  the  two  areas  themselves. 

In  the  vertical  meridian  I  compared  the  ratios  of  the  upper  to  the 
lower  radii,  and  in  the  horizontal,  the  ratios  of  the  outer  to  the  inner. 
As  is  shown  in  the  table,  slight  positive  relations  are  indicated  in  the 
first  case  and  slight  negative  relations  in  the  second.  This  is  true  of 
both  the  Pearson  coefficient  and  the  percentages  of  displacement. 
But  the  relations  indicated  are  again  not  large  enough  to  be  significant. 
This  is  especially  true  of  the  percentages  of  displacement,  which  must 
here  be  considered  the  most  reliable  because  they  are  not  influenced 
by  extreme  deviations  as  the  Pearson  coefficients  at  this  point  clearly 
are.  These  percentages  all  hover  close  about  the  ''50''  point,  which 
is  the  figure  that  stands  for  no  correlation. 

Between  the  areas  of  the  color  zones  and  visual  acuity  there  is 
also  little  or  no  correlation.  The  percentages  of  displacement  are  49 
for  the  right  eye  and  40  for  the  left.  This  lack  of  correlation  indi- 
cates that  there  is  litttle  or  no  connection  between  keenness  of  color 
vision  and  other  qualities  of  sight.  This  harmonizes  with  the  com- 
mon observation  that  a  person  with  defective  color  vision  is  at  no 
disadvantage  in  tests  of  vision  that  do  not  involve  color.  But  the 
conclusion  cannot  be  accepted  as  final  because,  as  far  as  I  am  aware, 
the  relation  between  the  keenness  of  color  vision  and  the  extension 
of  the  color  zones  has  not  been  investigated. 
Retinal  Sensitivity,  or  Inertia. 

Another  item  determined  in  most  of  the  subjects  was  the  sensi- 
tivity of  the  retina.  CattelP  found  with  three  subjects  that  the  time 
necessary  for  a  printed  character  to  act  on  the  retina  in  order  to  be 
recognized  varied  from  .75  to  1.75  sigma.  It  was  about  25  sigma 
shorter  by  clear  daylight  than  by  lamplight,  and  about  25  sigma 
longer  for  subject  C  than  for  B,  and  again  about  25  sigma  longer  for  H. 

The  data  obtained  are  tabulated  in  Table  XI.  They  were  de- 
termined by  means  of  the  fall-screen.  The  aperture  used  was  2.5 
mm.  wide,  except  in  two  cases  where  it  was  5  mm.  wide,  the  smaller 
aperture  not  giving  a  long  enough  exposure  time.  The  smaller 
aperture    was  approximately  as  wide  again  as  the  letter  n,  and  wide 

*  'Ueber  die  Tragheit  der  Netzhaut  und  des  Sehcentrums/  Phtlosophisdte 
Studien,  Vol.  Ill,  p.  no. 
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Subject. 

Both. 
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Uft. 

J.M. 

•49 
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.67 
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56 

•63 
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F.C. 
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.90 
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•63 
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79 
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.67 
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1.02    • 
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•72 

•79 
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1.02 

J.S. 

.90 

1. 14 

3.82 

F.  B. 

1. 14 

1. 14 

2.10 

A.  A. 

157 

2.55 

2.55 

enough  to  allow  any  of  the  letters  used  to  be  seen  entirely  at  once. 
The  exposure  time  was  regulated  by  changing  the  length  of  the  fall. 
It  was  calculated  by  means  of  the  formula  for  accelerated  motion,  the 
accelerating  force  being  gravity.  The  time  it  took  the  screen  to  fall 
2.5  mm.  with  the  speed  it  had  attained  when  half  the  letter  was  ex- 
posed was  found.  This  did  not  take  into  account  the  fact  that  the 
speed  increased  a  little  between  the  beginning  and  the  end  of  the  ex- 
posure, an  error  that  is  just  about  counterbalanced  by  the  slight 
friction  of  the  apparatus. 

The  exposure  times  given  in  the  table  are  in  sigma.  They  proba- 
bly cannot  be  taken  at  their  face  value  because,  the  background  be- 
ing dark,  after-images  were  not  excluded,  and  so  prolonged  the  impres- 
sion. The  figures  given  are  the  times  that  were  necessary  for  the 
subjects  still  to  distinguish  the  n  and  the  u  about  90  percent  of  the  time 
when  these  letters  were  exposed  in  chance  order  with  six  others,  some 
of  which  were  easier  and  some  harder  to  see.  Those  that  were  harder 
to  identify  were  especially  the  c  and  the  e.  It  was  the  aim  to  decrease 
the  time  till  these  letters  no  longer  could  be  distinguished  while  the 
n  and  the  u  still  could  be.  This  method  was  rapid  and  proved  quite 
satisfactory. 

All  the  determinations  were  made  between  one  and  three  in  the 
afternoon  and  only  when  the  sky  was  clear.  Even  slight  cloudiness 
made  a  longer  exposure  time  necessary,  and  the  retinas  of  several 
subjects  were  noticeably  more  sensitive  in  the  forenoon  than  in  the 
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afternoon.  The  sensitivity  is  also  reduced  about  one-half  when  the 
eyes  are  tired  from  reading  as  compared  with  when  they  are  rested. 
This  influence  we  guarded  against  by  making  the  determinations 
only  when  the  subjects  had  not  read  much  that  day,  and  by  repeat- 
ing them  on  different  days. 

The  correlations  that  were  made  are  shown  in  Table  XII.    All 
the  figures  indicate  positive  relations,  but  none  of  any  pronounced 

Tablb  XII.— Retinal  Sensitivity  Correlated  With: 
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degree.  The  correlations  for  acuity  and  sensitivity  are  lowered  by 
the  presence  of  two  near-sighted  people.  The  defect  influences 
acuity  but  not  sensitivity.  When  the  data  from  these  people  are 
excluded  from  the  comparisons,  the  figures  41,  32,  and  37  become 
respectively  33,  25  and  31.  It  is  my  impression  that  if  defective 
eyes  were  excluded  and  more  data  were  gathered,  and  with  more 
care  than  I  had  time  to  give  to  this  point,  decisive  correlations  would 
be  revealed. 

Visual  Acuity, 

Visual  acuity  was  measured  both  for  near  and  for  distant  visioa 
For  distant  vision  the  results  were  obtained  by  means  of  the  'E* 
test.  The  chart  was  well  lighted  and  the  subject  was  seated  ten  meters 
from  it.  This  distance  answered  very  well  for  all  the  subjects  but 
four.  These  could  not  quite  make  out  the  positions  of  all  the  letters 
in  the  last  line  on  the  chart  at  ten  meters,  but  could  do  so  at  nine 
meters.  The  figures  in  Table  XIII  are  the  ratios  of  the  distance  at 
which  the  letters  were  read  to  the  distance  at  which  they  should  be 
read  according  to  the  chart.  Results  were  also  obtained  by  means 
of  the  Snellen  test  types,  but  these  agree  so  closely  with  those  of  the 
'E'  test  that  there  was  no  need  of  giving  them. 

Near  vision  was  measured  in  two  ways.  The  results  used  in  all 
but  two  of  the  correlations  were  obtained  by  means  of  the  Galton 
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eye  tester.  By  means  of  this  apparatus  the  subject  is  required  to  read 
Arabic  numerals  while  looking  with  one  eye  through  a  small  aperture. 
The  numerals  are  one  millimeter  in  height  and  are  mounted  ten  in  a 
line  on  small  frames  removed  from  14  to  100  cm.  from  the  eye.  The 
distance  at  wihch  the  subject  could  read  correctly  at  least  eight  figures 
in  each  of  several  lines  was  taken  as  the  measure  of  his  acuity. 

The  other  test  consisted  in  reading  the  extract  printed  in  dia- 
mond type  (No.  1),  on  the  standard  optician's  reading  chart.  The 
chart  was  supported  nearly  vertically  in  good  light  and  the  subject 
was  requested  to  read  orally  at  the  greatest  distance  possible  for  him. 
The  readiness  with  which  he  read  allowed  the  operator  roughly  to 
judge  the  distinctness  with  which  the  print  was  seen,  which  he  aimed 
to  have  equal  for  each  subject. 

In  the  twelve  subjects  that  took  part  in  both  tests  there  is  a  dis- 
placement of  20  per  cent  in  the  two  orders.  The  tests,  of  course, 
are  not  entirely  comparable,  but  the  correlation  is  nevertheless  lower 
than  one  would  expect  from  the  differences  in  the  matter  seen.  With 
the  Galton  test  one  is  fairly  sure  to  get  the  best  record  of  each  subject, 
but  many  people  will  not  move  the  head  back  as  far  as  they  actually 
could  when  the  matter  is  left  to  them. 

All  the  figures  in  Table  XIV  indicate  direct  correlations  between 
visual  acuity  and  the  size  of  the  field  of  acute  vision.    The  correla- 
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Tabls  XIV. — ^VisuAi,  Acuity  Corkblatbd  With: 
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tions  are  higher  for  near  than  for  distant  vision.  Omitting  the  test 
with  the  diamond  t3rpe,  which  is  clearly  less  reliable  than  the  Galton 
test,  the  figures  for  near  vision  vary  from  16  to  31  percent  of  displace- 
ment, and  from  +.62  to  +.74  in  the  Pearson  coefficient.  Two, com- 
parisons were  made  in  each  case,  one  between  acuity  and  the  hori- 
zontal diameter  of  the  distinct  visual  field,  and  one  between  acuity 
and  the  area  of  this  field.  The  correlations  are  in  the  main  higher 
when  the  comparison  is  made  with  the  horizontal  diameter  instead 
of  the  area,  and  I  am  inclined  to  think  that  the  diameter  is  the  better 
basis  of  comparison.  The  objects  in  our  environment  are  distributed 
chiefly  on  the  surface  of  the  earth,  hence  the  horizontal  range  is  the 
one  most  used.  For  this  reason  one  would  naturally  expect  it  to  be 
more  closely  related  to  keenness  of  vision  than  to  the  area  as  a  whole. 
In  some  animals,  as  the  horse  and  the  cow,  the  fovea,  as  far  as  one  can 
be  made  out,  consists  of  a  long  horizontal  band.^  This  makes,  in 
their  case  at  least,  the  size  proportional  to  the  horizontal  extension* 
The  correlations  made  with  the  data  obtained  from  the  diamond 
t3rpe  test  are  lower  than  those  made  with  the  data  from  the  Galton 
test.  This  is  very  likely  owing  to  the  fact  that  the  test  is  less  accurate. 
If  this  is  the  explanation  it  suggests  that  if  still  more  perfect  measure- 
ments were  compared  than  were  used  here,  still  higher  correlations 
would  be  obtained.    Defects  seldom  influence  different  determina- 

*  James  RoUin  Slonaker,  *A  Comparative  Study  of  the  Area  of  Acute  Vision 
in  Vertebrates/  Journal  of  Morphology,  Vol.  13,  pp.  475-476. 
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tioDS  in  the  same  direction  and  so  decrease  the  normal  correlations. 
It  was  our  aim  to  exclude  eyes  whose  defects  would  be  likely  to  distort 
the  results,  but  in  this  we  are  not  entirely  successful. 

The  correlations  between  visual  acuity  for  distant  vision  and 
the  size  of  the  field  of  acute  vision  are  smaller  than  those  for  near 
vision.  The  discrepancy  is,  no  doubt,  owing  to  the  fact  that  slight 
defects  in  accommodation  and  refraction  make  themselves  felt  more 
in  distant  than  in  near  vision.  The  percent  of  displacement  between 
near  and  distant  vision  is  27,  indicating  only  a  medium  degree  of 
correlation.  Measurements  of  the  same  trait  are  compared  here, 
but  the  measurements  were  obtained  under  different  conditions  so 
that  factors  operative  under  one  were  not  operative  under  the  other. 

The  fact  that  here  is  a  correlation  between  visual  acuity  and  the 
size  of  the  acute  area  would  suggest  that  both  may  be  a  function  of 
accommodation  and  refraction.  If  this  is  true  it  is  so  to  only  a  slight 
extent,  because  a  person  with  a  defective  mechanism  for  focusing 
the  light  is  but  little  more  likely  to  have  a  small  field  than  a  person 
without  known  defects.  I  had  no  exact  means  of  ascertaining  amount 
of  defect,  but  from  making  various  measurements  on  each  subject,  I 
learned  quite  accurately  the  condition  of  all  the  eyes.  Arranging 
them  then  in  the  order  of  their  amount  of  defect,  and  comparing 
this  order  with  that  of  the  ascertained  fields  of  acute  vision,  I  obtained 
a  displacement  of  38  percent.  This  leaves  a  part  of  the  correlations 
stUl  to  be  accounted  for.  This  may  be  done  by  assimiing  that  both 
traits  are  in  part  functions  of  the  quality  of  the  retina.  A  fovea  that 
is  keen  is  as  a  rule  also  larger  than  one  that  is  less  keen.  The  quality 
and  the  amount  of  the  elements  for  acute  vision  go  together. 

Reading. 

One  of  the  primary  objects  of  this  investigation  was  to  relate 
the  facts  of  vision  brought  to  light  to  the  psychology  of  reading. 
This  field  has  been  cultivated  extensively  ever  since  the  researches 
of  CattelP  on  the  experimental  side  and  those  of  Grashey'  on  the  patho- 
logical side  paved  the  way.  In  the  last  decade  activity  in  its  culti- 
vation has  been  renewed  by  the  work  of  Erdmann  and  Dodge.'  But 
up  to  the  present  time  the  reading  process  has  not,  as  far  as  I  am 
aware,  been  definitely  related  to  the  phenomena  of  vision. 

On  the  side  of  reading,  the  reading  rate  and  the  nimiber  of  read- 

*  Various  articles  in  Wundt's  PhUosophische  Studien,  in  Brain  and  in  Mind, 
They  will  be  more  definitely  referred  to  later. 

'  Archiv  fur  Psychiatrie,  XVI,  p.  654ff. 

•  Psychologische  Uniersuchungen  uber  das  Lesen  auf  ExperimenieUer  Grund- 
lage,  Halle,  1898. 
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ing  pauses  per  line  were  determined.  The  reading  rate  was  deter- 
mined by  means  of  ten  different  selections.  These  consisted  of  three 
selections  from  Robinson  Cru80€j  numbers  2,  13,  and  22  of  Professor 
Edward  L.  Thomdike's  assortment,  averaging  219  words  each;  three 
poetical  selections  consisting  of  The  Track-WaUcer  by  William  H. 
Woods,  the  first  four  stanzas  of  Evolution  by  Langdon  Smith,  and 
lines  39  to  62,  Part  I,  of  Longfellow's  Evangeline,  averaging  240  words 
each;  three  selections  from  educational  literature  consisting  of  two 
passages  from  an  educational  journal  and  paragraph  4,  chapter  3,  of 
Bagley's  Educative  Process,  averaging  249  words  each;  and  the  first 
five  and  one-half  pages,  1280  words,  of  George  Herbert  Palmer's 
lecture.  The  Glory  of  the  Imperfect.^  In  all,  these  passages  contained 
3405  words.  Different  t3rpes  of  material  were  selected  so  as  to  get  a 
more  complete  measure  of  each  person. 

The  material  is  indicated  in  detail  so  that  it  may  be  used  by  others 
in  similar  experiments.  With  the  exception  of  the  passages  from  an 
educational  journal,  all  are  available.  The  selections  from  Robinson 
Crusoe  may  be  had  from  Professor  Thomdike  of  Teachers  College. 
Evolviion  is  printed  in  the  Scrap  Book  for  April,  1906,  and  The  Trade- 
Walker  appeared  in  the  Youths'  Companion  during  the  school  year  of 
1899  to  1900.  The  location  of  the  passages  from  Longfellow,  from 
Palmer  and  from  Bagley  are  indicated  above. 

For  experiments  in  reading,  as  for  experiments  in  vision,  we  are 
in  need  of  standards.  It  is  now  quite  impossible,  except  in  a  rou^ 
way,  to  compare  the  work  of  one  investigator  with  that  of  another. 
Romanes,'  Quantz'  and  Huey*  do  not  even  mention  the  book  or  pas- 
sages they  used  in  determining  reading  rate. 

Only  the  normal  silent  reading  rate  was  detennined.  During 
the  test  the  subject  was  comfortably  seated  in  an  office  chair  and  he 
was  requested  to  read  silently  for  the  thought  as  he  would  when  read- 
ing by  himself.  He  was  told  to  be  ready  to  repeat  the  thought  in  his 
own  words,  and  this  was  frequently  requested.  The  subject  gave 
a  signal  when  he  was  ready,  and  began  reading  on  the  snap  of  the 
stop-watch.  At  the  conclusion  he  gave  a  signal  with  the  hand  by 
which  the  operator  stopped  the  watch.  Time  was  recorded  in 
seconds  and  tenths  of  seconds. 

»  Published  by  T.  Y.  Crowell  &  Co.,  New  York  and  Boston. 

*  G.  J.  Romanes,  Menial  Evolution  in  Animals,  p.  126. 

*  J.  O.  Quantz,  '  Problems  in  the  Psychology  of  Reading,'  Psychological 
Review,  Mon.  Sup.  Vol.  II. 

*  E.  B.  Huey,  '  Psychology  and  Physiology  of  Reading,'  American  Journal 
of  Psychology,  Vol.  1 2,  p.  295. 
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It  was  the  intention  to  have  each  subject  read  the  passages  twice, 
but  circumstances  permitted  this  in  only  thirteen  of  the  twenty-two 
cases.  The  second  reading  was  done  in  the  same  manner  as  the  first 
and  the  two  were  from  three  to  ten  weeks  apart. 

The  results  are  given  in  Table  XV.  The  numbers  represent 
words  read  per  second.  The  subjects  are  arranged  in  the  order  of 
their  reading  rate  as  determined  by  the  first  reading.  The  slowest 
reader,  P.  L.,  was  the  Chinese  student  mentioned  before.  He  has 
been  in  this  country  only  two  years  and  has  not  yet  acquired  a  ready 
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control  over  the  language.  His  record  was  never  included  in  the  com- 
parisons and  correlations  that  follow.  Subject  J.  S.  is  the  one  with  the 
small  acute  field.  His  record  is  excluded  from  the  comparisons  in- 
volving the  size  of  the  field. 

The  usual  individual  differences  are  found.    The  absolute  nimi- 
ber  of  words  read  per  second  compares  well  with  the  numbers  given 
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by  Quantz,^  by  Huey,'  and  by  Dearborn.'  The  variation  in  rate  is 
nearly  as  3-1.  This  is  just  about  the  variation  indicated  by  the  figures 
of  Huey  and  of  Dearborn.    Romanes*  found  a  variation  of  4-1. 

The  question  is  sometimes  raised  whether  a  person  who  is  a  rapid 
reader  in  one  kind  of  material  is  also  rapid  in  a  different  kind.  So 
far  as  the  material  used  illustrates  different  kinds  of  reading  mutter, 
the  question  is  answered  in  the  affirmative.  A  similar  conclusion  was 
reached  by  Dearborn.^  Compared  with  the  rank  determined  by  the 
average  for  the  total,  the  percentages  of  displacement  vary  from  6.6 
for  'education'  and  11  for  'poetry.'  When  the  passages  from  'Rob- 
inson Crusoe'  are  taken  as  the  standard,  the  displacements  are  12 
percent,  12.3  percent  and  13.8  percent  respectively  for  'Palmer,' 
'education,'  and  'poetry.'  The  Pearson  coefficients  are  .92,  .90, 
and  .94.  Poetry  shows  the  greatest  percent  of  displacement  in  each 
case,  indicating  the  lowest  correlation,  but  its  Pearson  coefficient 
indicates  a  sli^tly  higher  correlation  with  'Robinson  Crusoe'  than 
those  of  either  of  the  remaining  two  prose  selections  indicate.  But 
the  differences  in  each  case  are  too  small  to  deserve  more  than  passing 
notice. 

With  the  exception  of  an  occasional  passage,  the  second  reading 
was  imiformly  faster  than  the  first,  but  otherwise  it  tallies  well  with 
it,  except  in  one  case.  Considering  twelve  subjects  that  read  twice, 
E.  W.  moved  from  median  in  the  first  reading  to  second  place  in  the 
second  reading.  This  seems  to  have  been  owing  to  different  physical 
condition.  The  subject  was  fatigued  and  languid  during  the  first 
reading,  while  she  was  tense  and  nervous  during  the  second.  But 
even  with  this  record  the  percent  of  displacement  is  only  11;  without 
it,  it  is  5.5.  This  shows  a  high  degree  of  correlation  and  indicates 
that  the  order  as  determined  by  the  first  reading  is  highly  reliable. 

It  is  interesting  to  compare  the  gain  of  the  rapid  readers  with 
that  of  the  slow.  The  maxim  that  to  him  that  hath  shall  be  given 
seems  to  hold.  The  three  fastest  readers  read  on  the  average  of  1.9 
words  more  per  second  in  the  second  reading  than  in  the  first,  while 
the  three  slowest  read  on  the  average  only  .53  of  a  word  more.  The 
respective  percents  of  increase  iare  26  and  13,  showing  even  the  rela- 
tive gain  of  the  fast  readers  to  have  been  greater.    As  it  is  very  proba- 

*  Lac.  cit.,  p.  12. 

*  Loc.  cit,,  p.  296. 

*  Walter  Fenno  Dearborn,  The  Psychology  of  Readings  this  series,  Vol.  i. 
No.  4,  p.  117. 

*  Loc.  cit. 

»  Op.  Cit.,  pp.  117-118. 
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bly  harder  to  improve  from  13  percent  to  26  percent  than  from  zero 
to  13  percent;  the  gain  of  the  rapid  readers  is  more  than  twice  as  great. 

Before  considering  the  correlations  of  reading  with  the  phenomena 
of  vision,  the  subject  of  reading  pauses  must  be  briefly  considered. 
It  is  now  well  established  that  in  reading,  the  eyes  do  not  move  with 
uniform  speed  across  the  page,  but  do  so  with  successive  stops  and 
jerks.  The  first  to  observe  this  were  Lamare  and  Javal.*  They 
studied  the  movements  by  means  of  a  microphone  attachment  to  the 
upper  eyelid.  The  soimds  they  magnified  were  produced  by  the  eye 
moving  against  the  lid.  Since  then  the  subject  has  been  studied 
by  Landolt,'  Erdmann  and  Dodge,'  Huey*  and  Dearborn.*  Landolt 
had  his  subjects  read  slowly  and  observed  their  eyes  directly.  Erd- 
mann and  Dodge  observed  the  reflection  of  the  eyes  in  a  mirror,  a 
method  I  also  used  and  that  will  be  described  later.  Huey  fastened 
a  light  plaster  of  Paris  cup  and  aluminum  pointer  (Delabarre  Eye- 
cup)  to  the  reader's  eye  and  by  means  of  it  seciuied  a  permanent 
record  on  the  smoked  drum  of  a  kymograph. 

Dearborn  obtained  his  record  by  means  of  the  Dodge  falling- 
plate  camera.  It  was  by  means  of  this  instrument  also  that  I  ob- 
tained the  record  of  the  number  of  reading  pauses  per  line.*  The 
instrument  records  the  reflection  of  a  beam  of  light  from  the  cornea 
on  a  slowly  and  evenly  falling  sensitive  plate.  The  head  of  the  reader 
is  firmly  supported  by  means  of  a  head-rest  and  mouthpiece,  so  that 
head  movements  are  eliminated  as  far  as  possible.  In  reading  then 
the  only  prominent  movements  come  from  the  eyes,  and  as  they  change 
their  position  the  reflected  beam  of  light  suffers  corresponding  changes 
which  are  recorded  on  the  falling  plate.  A  permanent  record  is  thus 
made  of  all  movements  and  pauses  which  may  in  most  cases  be  readily 
counted  on  the  developed  plate  without  other  aid. 

Judd,  McAllister  and  Steele,  instead  of  photographing  a  beam 
of  light  reflected  from  the  cornea,  took  kinetoscopic  pictures  directly 

»  Annale  d'Oculistique,  1879,  Tome  LXXXII,  p.  252. 

*  Archive  d'Ophthalmologie,  II,  1891,  pp.  385-395. 

*  Psychologische  Uniersuchungen  uber  das  Lesen. 

*  American  Journal  of  Psychology ,  Vols.  IX,  XI  and  XII. 

*  The  Psychology  of  Reading.  For  a  review  of  the  literature,  which  will 
not  be  attempted  here,  the  reader  is  referred  to  Huey  and  to  Dearborn. 

*  The  apparatus  was  here  used  substantially  as  by  Dearborn,  to  the  third 
chapter  of  whose  study  the  reader  is  referred  for  cuts  and  a  full  description. 
The  original  apparatus  is  described  by  the  inventor.  Professor  Raymond  Dodge, 
in  the  Psychological  Review,  Vol.  VIII,  pp.  147-151,  and  in  a  more  recent  form 
in  the  American  Journal  of  Physiology,  Vol.  VIII,  pp.  308-310. 


54  THE  FIELD  OF  DISTINCT  VISION 

of  the  eye  marked  near  the  pupil  with  a  flake  of  Chinese  white.* 
Against  the  method  here  employed  they  offer  a  criticism.  They 
maintain  that^  as  the  cornea  is  not  flat;  it  is  too  imperfect  a  reflector 
to  make  the  records  reliable.  The  movements  recorded  are  said  not 
to  correspond  in  amoimt  to  those  that  the  eye  makes.  Professor 
Dodge  on  the  other  hand  has  comparable  records,  as  yet  unpublished, 
taken  by  both  methods  which  go  to  show  that  the  criticism  is  much 
exaggerated,  if  not  entirely  invalid.  At  any  rate,  the  criticism,  even 
if  true,  would  not  affect  my  results.  The  only  data  I  used  are  the 
number  of  pauses  per  line,  the  faithful  record  of  which  is  not  ques- 
tioned. 

In  addition  to  getting  records  with  a  camera,  I  got  some  by 
means  of  a  mirror,  the  method  used  by  Erdmann  and  Dodge.'  In 
the  application  of  this  method  the  reader  and  the  experimenter  are 
seated  on  opposite  sides  of  a  narrow  table.  The  reading  matter  is  laid 
flat  upon  the  table  and  beside  it  is  placed  a  mirror.  The  reader  takes 
a  comfortable  position,  supporting  his  head  with  both  hands  so  as  to 
minimize  head  movements.  The  operator  gets  a  good  reflection  of 
the  reader's  eyes  in  the  mirror  and  after  some  practise  can  readily 
observe,  count  and  record  all  movements.  At  first  the  task  of  catch- 
ing all  the  movements  seems  hopeless,  but  practise  will  soon  give  one 
confidence  in  his  count.  It  is  easier  to  observe  the  movements  than 
the  pauses,  but  when  one  does  this  he  should  remember,  when  coup- 
ling his  results,  that  there  is  always  one  more  pause  per  line  than 
there  are  movements. 

In  four  cases  the  mirror  records  duplicate  the  photographic 
records,  and  in  two  they  stand  alone. 

A  glance  at  Table  XVI  shows  that  the  results  obtained  by  the 
two  methods  are  in  close  agreement,  indicating  that  the  mirror  method 
is  accurate  enough  for  most  purposes  when  one  wants  to  obtain  only 
the  number  of  pauses  per  line.  The  discrepancy  is  largest  in  the 
records  of  subject  H.  R.  She  is  quite  a  rapid  reader  but  makes  many 
eye  movements  per  line,  most  of  which  are  small  and  so  hard  to  count. 

The  passages  read  in  this  connection  were  taken  from  Palmer's 
lecture  on  The  Glory  of  the  Imperfect  and  from  the  educational  jour- 
nal referred  to  above.  They  were  placed  approximately  30  cm.  from 
the  eye,  the  distance  used  in  mapping  the  field  of  vision.  The  same 
lines  were  not  always  read  by  the  different  subjects.  Skipping  about 
was  necessary  because,  after  several  trials  with  the  same  passage,  it 
became  too  familiar  to  give  trustworthy  results.    A  comparison  of 

*  Psychological  Review ,  Monograph  Supplement,  Vol.  VII,  No.  i. 
'  Op.  at.,  pp.  46-47. 
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Tabls  XVI. 
Cambra,  Pauses  per  Linb. 
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the  records  from  the  same  subject  showed,  however,  that  the  number 
of  pauses  per  line  did  not  materially  vary  in  different  selections  from 
the  same  article. 

The  lines  in  'Palmer'  are  80  mm.  long  and  average  9  words  per 
line,  while  those  in  'education'  are  125.5  mm.  long  and  average  14 
words  per  line.  In  the  average  number  of  words  read  per  fixation, 
the  subjects  varied  from  1.2  to  2.5  in  'Palmer'  and  from  1.4  to  3.2 
in  'education.'  The  average  number  of  words  read  per  fixation 
was  1.6  for  'Palmer'  and  1.7  for  'education.'  The  average  extent  of 
the  visual  field  covered  per  fixation  varied  from  11  mm.  in  the  slowest 
reader  to  31  mm.  in  the  fastest.  In  all  of  these  subjects  the  horizon- 
tal extent  of  the  field  within  which  they  could  still  distinguish  the  n 
and  the  u  90  per  cent  of  the  time  varied  from  40  to  71  mm.,  or  from 
7.6  to  12.5  degrees.  It  was  40  nun.  in  the  slowest  reader  and  43  mm. 
in  the  fastest.  This  indicates  that  probably  not  even  the  most  rapid 
reader  ever  made  use  of  the  entire  extent  of  his  visual  field  available 
for  seeing  words.  There  is  consequently  no  time  lost  in  reading, 
owing  to  the  way  the  words  are  arranged  on  the  page.  With  print 
of  ordinary  size,  we  can  take  in  the  material  faster  than  the  mind  is 
able  to  assimilate  it,  and  there  is  no  call  for  methods  of  arranging  the 
words  so  that  more  can  be  crowded  simultaneously  into  the  field  of 
distinct  vision.* 

»  Cf.  Cattdl,  Phil.  Stud,,  Vol.  Ill,  p.  125. 
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The  correlations  with  reading  rate  are  given  in  Table  XVII. 
The  only  pronounced  correlation  is  found  inversely  with  the  number 
of  reading  pauses.    The  rapid  readers  make  quite  uniformly  fewer 

Tabls  XVII.— Corsblations  wrra  Rsadino  Rats,  Etc. 
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pauses  than  the  slow  readers.  The  correlation  is  so  high  that  a  vital 
connection  between  the  two  phenomena  cannot  be  doubted.  In 
twelve  cases  the  percentage  of  displacement  is  16  and  the  Pearson 
coefficient  +.81. 

Dearborn  did  not  work  out  any  coefficients  of  correlation  between 
reading  rate  and  reading  pauses  and  his  data  are  not  so  given  that 
it  is  possible  for  us  to  do  so,  but  he  reaches  substantially  the  same 
conclusion  as  I  do.^  He  says  (p.  122):  ''A  wider  'spanning'  of  atten- 
tion— as  denoted  both  by  the  greater  frequency  of  long  pauses  at 
the  beginning  of  the  line  and  by  fewer  fixations  per  line — ^is  charac- 
teristic of  the  more  rapid  readers.  The  slow  readers  have  a  narrower 
span,  or  working  extent  of  attention,  and  a  greater  total  arc  of  move- 
ment." 

The  Pearson  coefficient  of  correlation  between  the  horizontal 
extent  of  acute  vision  and  reading  rate  is  — .06  and  the  percent  of 
displacement  56.  Correlated  inversely  with  the  number  of  reading 
pauses  the  corresponding  figiuies  are  — .10  and  42  percent.  The  fact 
that  there  is  no  correlation  between  these  phenomena  came  some- 
what as  a  surprise.  One  would  think  that  a  larger  area  would  enable 
a  person  to  see  distinctly  a  larger  portion  of  a  line  and  so  allow  him 
to    make   fewer   fixations   and   read   more   rapidly.    But   such   is 

»  Op,  Cit.,  Chapter  XIII. 
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evidently  not  the  case.  Visual  perception  seems  to  be  in  a  large 
measure  independent  of  the  quality  of  the  eyes.  The  percent  of 
displacement  between  reading  rate  and  visual  acuity  is  35.  Arrang- 
ing the  eyes  again  in  their  order  of  freedom  from  defect,  the  per- 
centage of  displacement  with  reading  rate  is  45. 

The  coefficients  of  correlation  of  other  tests  of  visual  perception 
show  a  similar  independence  of  the  quality  of  the  eyes,  as  well  as  a 
lack  of  correlation  among  themselves. 

The  ''A"  test  consists  of  marking  as  rapidly  as  possible  one  hun- 
dred A's  distributed  by  chance  among  four  hundred  other  capital 
letters.  The  time  is  taken  with  a  stop-watch.  It  is  supposed  that 
the  test  measures  rate  of  perception.  Most  of  the  subjects  marked 
the  sheet  foxu*  different  times,  but  with  five  circumstances  permitted 
it  to  be  done  only  once. 

The  results,  which  are  summarized  in  Table  XVIII,  are  given 
in  two  colmnns.    In  the  first  column  is  given  the  average  time  in  sec- 

Tabls  XVIII.— 'A'  Tbst. 
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onds  the  subject  took  to  see  and  mark  one  A,  while  in  the  second  col- 
imm  is  given  the  time  with  the  marking  or  motor  time  subtracted. 
In  connection  with  the  A  test  each  subject  marked  as  rapidly  as  pos- 
sible one  hundred  dots  in  a  similar  manner  as  he  marked  the  A's,  the 
time  thus  consumed  was  taken  to  be  the  subject's  motor  time,  and 
was  subtracted  from  the  results  as  given  in  the  first  column.  Both 
results  are  given  because  it  is  not  clear  that  this  time  should  be  sub- 
tracted. The  time  it  takes  to  mark  the  A's  is  not  all  lost  from  per- 
ception; in  fadt,  only  a  small  fraction  of  it  can  be  regarded  as  lost. 
A  person  does  not  not  look  at  the  A  till  he  has  marked  it.  As  soon  as 
the  letter  is  recognized,  the  eye  passes  on  to  look  for  another  while 
the  hand  in  a  semi-automatic  way  marks  it.  Furthermore,  the  eye 
seldom,  if  ever,  has  to  wait  for  the  hand  to  catch  up.  It  is  kept  con- 
tinuously busy  looking  for  letters. 

The  correlation  between  the  horizontal  extent  of  acute  vision 
and  the  A  test  is  42  percent  of  displacement  when  the  motor  time  is 
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not  subtracted,  and  50  percent  when  it  is.  This  indicates  veiy  little 
correlation,  if  any.  One  might  again  have  supposed  that  a  larger 
area  would  be  of  assistance  in  finding  the  letters,  but  it  apparently 
is  not. 

When  the  rank  in  reading  rate  is  compared  with  that  in  the  A 
test,  the  displacement  is  33  per  cent;  or,  when  the  motor  time  is  sub- 
tracted, 40  per  cent.  The  Pearson  coefficient  in  the  second  instance 
is  +.36.  This  indicates  some  correlation  but  not  a  great  amount. 
Quantz^  foimd  a  higher  correlation  between  reading  rate  and  per- 
ceptive power.  He  represents  the  correlation  diagrammatically  and 
does  not  give  a  numeral  coefficient,  but  the  meager  data  he  sup- 
plies give  a  Pearson  coefficient  of  +.88. 

The  discrepancy  between  his  conclusion  and  mine  no  doubt  re- 
sults from  the  different  measures  of  perception  used.  Perception  is 
too  complex  a  process  to  be  adequately  measured  by  the  A  test. 
Quantz  measured  it  by  means  of  geometrical  figures,  colors,  isolated 
words,  and  sentences.  These  were  exposed  for  a  short  time  d'^  and 
1''),  and  "the  subject  was  required  to  name  aloud,  in  order,  and  as 

rapidly  as  possible as  many  as  he  was  able  to  see  while  the 

caid  was  exposed '^  (p.  2).  The  card  was  shown  until  everything  on 
it  was  read,  the  subject  beginning  to  read  at  each  exposure  where  he 
had  ended  in  the  preceding.  It  is  at  once  apparent  that  these  tests 
were  far  more  analogous  to  the  reading  process  than  the  A  test.  In 
fact,  the  tests  with  the  words  and  the  sentences  were  essentially  read- 
ing, and  the  forms  and  colors  were  perceived  much  as  words  are  per- 
ceived in  reading.  Instead  of  sa3dng  that  these  tests  show  a  correla- 
tion between  visual  perception  and  reading,  one  is  tempted  to  say 
that  they  show  little  more  than  a  correlation  between  tachistoscopic 
and  ordinary  reading. 

Quantz  draws  the  conclusion  also  that  these  tests  show  that  the 
reading  process  depends  largely  on  ph3n3iological  influences  because 
he  assumes  that  perception  is  laigely  a  physiological  function  (p.  50). 
This  is  far  from  clear,  for  such  a  conclusion  can  no  more  be  drawn  from 
the  tests  used  than  from  the  reading  process  directly. 

Another  test  that  was  made  and  correlated  with  the  horizontal 
extent  of  acute  vision  and  with  reading  rate  was  the  number  of  small 
vertical  lines  that  could  be  seen  simultaneously  during  an  exposure 
time  of  50  sigma.  The  lines  consisted  of  the  capital  letter  I  printed 
on  cards  with  a  Fay-Sholes  typewriter.  They  were  approximately 
2.5  mm.  apart. 

A  similar  test  was  made  by  Cattell  for  the  purpose  of  measiu'ing 

*  Psych.  Review,  Monograph  Supplement,  No.  V,  pp.  16-17. 
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the  grasp  of  consciousness.^  As  lines  he  used  also  the  capital  letter  I 
printed  with  a  typewriter.  These  lines  he  arranged  from  four  to  fif- 
teen per  card  on  twelve  cards,  and  exposed  them  in  chance  order  by 
means  of  the  fall-chronometer.  Results  were  obtained  from  eight 
subjects.  A  series  consisted  of  sixty  exposiu^es,  or  five  for  each  cwrd, 
except  that  with  two  subjects  twenty-five  exposures  of  each  card  were 
made.  The  number  of  lines  seen  correctly  every  time  varied  with 
the  different  subjects  from  three  to  six,  remaining,  however,  constant 
for  each.  Practise  seemed  to  have  no  influence  on  the  precision  of 
the  judgments. 

From  3  to  11  lines  per  card  were  used  in  my  experiments,  and 
each  was  exposed  ten  times  for  seven  subjects  and  fifteen  times  for 
three,  except  for  J.  S.,  whose  case  will  be  considered  separately.  The 
exposures  were  made  with  the  fall-chionometer.  A  glance  at  Table 
XIX  shows  that  from  4  to  7  lines  were  always  judged  correctly.  This 
is  one  more  than  was  seen  by  Cattell's  subjects.  The  difference  may 
be  owing  to  the  longer  exposure  time  used  or  to  a  difference  in  the  sub- 
jects. The  exact  limit  for  each,  subject  is  not  readily  established. 
F.  H.,  for  example,  made  but  one  error  on  eight  lines  and  two  on  nine. 
He  has  had  much  practise  with  tachistoscopic  experiments,  which 
may  in  part  account  for  his  lai^ge  span  in  this  respect.  The  precision 
of  the  judgments  did  not  improve  with  practise,  except  for  one  sub- 
ject, G.  S.  In  the  first  five  series  the  limit  of  the  number  of  lines  he 
a\w&y8  saw  correctly  was  four,  and  in  the  second  five  series  it  was  six. 
He  was  conscious  of  this  improvement,  having  learned  to  see  the  lines 
in  groups. 

The  last  two  sections  of  records  in  Table  XIX  come  from  J.  S., 
the  person  with  the  constricted  acute  field.  The  first  one  of  these 
records  was  made  in  the  same  manner  as  those  of  the  other  subjects, 
while  in  the  second  the  lines  were  5  nun.  apart  instead  of  2.5  nun.  As 
is  seen  from  the  table,  when  the  lines  were  2.5  mm.  apart  he  always 
saw  seven  correctly,  but  beyond  eight  they  looked  alike  to  hinu  Seven 
lines  occupied  a  space  15  mm.  long,  which  is  the  extent  of  the  field 
within  which  be  could  distinguish  the  n  and  the  u  75  percent  of  the 
time.  Outside  of  this  limit  the  lines  looked  faint  to  him,  he  said. 
When  the  lines  were  5  mm.  apart,  he  always  saw  foxu*  correctly,  while 
beyond  that  number  they  looked  alike  to  him.  Four  lines  again  oc- 
cupied a  space  of  15  nun.,  the  horizontal  extent  of  his  field  of  vision 
for  the  distance  used.  This  corroborates  the  restricted  nature  of  his 
field. 

The  objection  might  be  offered  that  it  is  harder  to  see  the  lines 

»  Pha.  Stud,,  Vol.  Ill,  pp.  123-125. 
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TaBLS  XIX. — LiNBS  Sbbn. 


W.R. 

8.  P. 

G.  B. 

P.  H. 

3 

I5-0 

3 

I5-0 

3 

15-0 

3 

lO-O 

3 

4 

I5-0 

4 

I5-0 

4 

15-0 

4 

lO-O 

4 

5 

I5-0 

5 

I5-0 

5 

13-2 

5.1 

.1 

lO-O 

5 

6 

I5-0 

6 

9-6 

6 

.4 

14-I 

5.9 

I 

lO-O 

6 

7 

1 1-4 

7.1 

3 

IO-5 

6.3 

.3 

7-8 

6.8 

5 

lO-O 

7 

8 

13-2 

8.0 

.1 

9-6 

79 

.4 

6-9 

8.8 

9 

9-1 

7.9 

.1 

9 

7-8 

9.6 

.6 

1 1-4 

9.0 

.3 

3-12 

8.9 

I 

3 

8-2 

8.8 

.3 

lO 

7-8 

lO.I 

5 

9-6 

9.8 

.4 

7-8 

10.2 

7 

5-5 

9.6 

.6 

II 

IO-5 

I0.6 

4 

9-6 

10.6 

.8 

5-10 

10.8 

9 

4-6 

10.4 

.6 

J.M. 

H.R. 

W.  B. 

L.W. 

3 

lO-^ 

3 

lO-O 

3 

lO-O 

3 

lO-O 

3 

4 

lO-O 

4 

lO-O 

4 

lO-O 

4 

lO-O 

4 

5 

lO-O 

5 

lO-O 

5 

8-2 

4.9 

.1 

8-2 

5 

.3 

6 

7-3 

6.1 

•3 

2-8 

5-2 

.8 

5-5 

5.5 

.5 

4-6 

5.4 

.6 

7 

7-3 

6.9 

3 

1-9 

6.3 

.9 

4-6 

6.2 

.8 

2-8 

6.2 

.8 

8 

4-6 

74 

.6 

O-IO 

7.1 

1.5 

3-7 

7.3 

1. 1 

O-IO 

6.9 

I.I 

9 

5-5 

8.4 

.6 

2-8 

8.4 

1.2 

1-9 

7.6 

1.4 

O-IO 

7.9 

I.I 

lO 

3-7 

9.2 

.8 

3-7 

8.9 

1.5 

2-8 

8.8 

1.2 

7-3 

9.4 

.6 

II 

4-6 

I0.4 

.8 

4-6 

9.8 

1.2 

2-8 

9.2 

2.0 

O-IO 

9.8 

I.I 

G.8. 

J.S. 

J.S. 

3 

lO-O 

3 

lO-O 

3 

5-0 

3 

4 

lO-O 

4 

lO-O 

4 

5-0 

4 

5 

6-4 

4.6 

•4 

lO-O 

5 

3-2 

5.6 

.6 

6 

7-3 

57 

3 

lO-O 

6 

2-3 

6.4 

I.O 

7 

6-4 

6.6 

4 

lO-O 

7 

1-4 

6.4 

I.O 

8 

7-3 

7.7 

•3 

6-4 

8.5 

.5 

0-5 

6.6 

1.4 

9 

3-7 

8.3 

7 

2-8 

9-9 

.9 

0-5 

5.2 

3-8 

lO 

6-4 

9.8 

.4 

5-5 

9.9 

.5 

0-5 

5.6 

4.2 

II 

4-6 

I0.6 

.6 

7-3 

9  9 

.1 

when  5  mm.  apart  than  when  2.5  mm.  apart;  and  that  for  this  reason  be 
could  see  only  four  in  the  second  test.  This  objection  does  not  hold. 
Two  subjects  with  normal  fields  found  the  lines  easier  to  see  when  5 
nmi.  apart  than  when  2.5  mm.  apart.  H.  R.,  whose  limit  was  five 
lines  when  they  were  close  together,  never  missed  six  when  they  were 
5  nmi.  apart,  and  the  writer,  whose  limit  as  given  in  the  table  is  six 
lines,  never  missed  ten  lines  in  the  second  test.  Ten  series  were  ex- 
posed and  the  number  of  lines  per  card  varied  from  three  to  thirteen. 
When  the  lines  were  farther  apart  they  seemed  less  crowded  and  so 
their  number  was  easier  to  judge. 
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In  Table  XIX  the  first  column  for  each  subject  gives  the  niunber 
of  times  the  lines  were  judged  correctly  and  the  number  of  times 
they  were  judged  wrongly.  The  second  column  gives  the  average  of 
the  number  of  lines  judged  to  be  on  a  card,  and  the  third  colunm 
gives  the  average  error. 

Two  correlations  were  made,  one  with  the  horizontal  extent  of 
distinct  vision  and  one  with  reading  rate.  With  the  former  the  per- 
cent of  displacement  is  33  and  the  Pearson  coefficient  +.13.  This  in- 
dicates some  correlation,  but  apparently  it  makes  little  difference 
in  seeing  a  number  of  lines  if  one  has  a  large  or  a  small  field  of  distinct 
vision.  The  matter  seems,  in  the  main,  to  be  one  of  perception  or 
mental  grasp  and  is  central  Between  reading  rate  and  the  niunber 
of  lines  seen  there  appears  to  be  an  antagonism.  The  percent  of  dis- 
placement, as  figured  here,  is  73.  I  took  the  niunber  of  lines  seen 
correctly  at  least  nine  times  out  of  ten  as  a  person's  measure.  If 
the  number  of  lines  always  seen  correctly  is  taken  as  a  person's  meas- 
ure, the  displacement  with  reading  rate  becomes  84  percent. 

When  it  became  evident  that  there  would  be  no  significant  cor- 
relations with  reading  rate  and  the  various  phenomena  of  vision,  a 
test  in  controlled  association  time  was  arran^,  the  results  of  which 
were  compared  with  reading.  The  test  consisted  of  five  lists  of  twenty 
words  each,  one  of  which  called  for  opposites,  one  for  synon3rma,  one 
for  genus  or  higher  class,  one  for  profession  or  calling,  and  one  for 
geographical  location.  In  doing  the  test  the  subject  uncovered  one 
word  at  a  time,  giving  the  item  called  for  before  uncovering  the  next 
word.  The  operator  took  the  time  with  a  stop-watch  that  was  neces- 
sary to  complete  each  list. 

The  order  the  subjects  obtained  from  the  average  of  all  the  lists 
was  compared  with  the  order  for  reading  rate.  The  correlation,  51 
percent  of  displacement,  is  as  close  to  no  correlation  as  one  could  ex- 
pect. Clearly  reading  is  not  analogous  to  controlled  association; 
and  if  reading  rate  indicates  one  kind  of  mental  quickness,  controlled 
association  time  indicates  another  kind  that  is  unrelated  to  it.  Psy- 
chologically the  two  processes  are,  of  course,  quite  different.  In 
reading  the  symbol  seen,  as  a  rule,  does  nothing  more  than  reinstate 
in  a  general  and  schematic  way  the  meaning  that  has  become  con- 
nected with  it,  while  in  controlled  association  a  very  specific  meaning 
has  to  be  aroused  and  then  a  suitable  symbol  standing  for  this  mean- 
ing has  to  be  selected  and  enunciated  or  written. 

The  results  of  the  five  types  of  controlled  association  used  do  not 
correlate  highly  among  themselves.  The  smallest  percent  of  dis- 
placement is  between  the  'genus'  and  the  'profession'  tests,  which  is 


62  THE  FIELD  OF  DISTINCT  VISION 

22  per  cent.  When  the  results  of  the '  synonym, ' '  genus/  '  profession/ 
and  'geographical'  tests  are  compared  with  the  results  of  the  'oppo^ 
sites'  test,  the  percents  of  displacement  are  respectively  29,  33,  40, 
and  38.  The  percents  of  displacement  with  reading  rate  of  the  results 
of  the  'opposites'  test  is  56;  'synonym,'  56;  'genus,'  45;  'profession/ 
45;  'geographical,'  45. 

The  above  comparisons  make  it  evident  that  there  is  litle  or  no 
correlation  between  reading  rate  and  the  physiological  phenomena 
of  vision.  This  is  true  at  least  in  eyes  that  are  not  abnormally  de- 
fective. A  person  that  is  nearly  blind  would,  of  course,  have  his 
reading  interfered  with,  but  the  variations  that  exist  in  the  eyes  of 
the  large  majority  of  readers  are  approximately  without  influence  on 
the  reading  process.  If  this  conclusion  is  correct,  the  essential  fac- 
tors that  determine  reading  must  be  looked  upon  as  central  rather  than 
peripheral.  It  is  not  a  matter  of  getting  the  material  to  the  brain, 
but  of  assimilating  it  after  it  gets  there.  There  is,  however,  one  fact 
that  is  at  variance  with  this  conclusion.  This  is  the  correlation  be- 
tween the  number  of  reading  pauses  and  reading  rate.  A  smaller  num- 
ber of  fixations  per  line  means  that  more  is  seen  per  fixation,  for  during 
the  movement  of  the  eye  from  one  fixation  to  another  nothing  is  seen.' 
Apparently,  at  least,  the  amount  so  seen  is  a  function  of  the  eye« 
But  this  may  just  as  well  be  a  function  of  assimilation.  One  person 
can  take  it  more  at  a  glance  than  another  because  he  assimilates  faster. 
That  is,  one  person  makes  fewer  reading  pauses  than  another  because 
he  is  a  more  rapid  reader,  rather  than  vice  versa.  This  assumption 
is  in  harmony  with  the  facts  brought  to  light  by  this  study,  and  also 
with  the  data  obtained  by  Dearborn.  Dearborn  found,  for  example, 
that  "there  is  a  tendency  for  the  slow  reader  to  make  both  more  pauses 
and  longer  pauses"    (p.  130). 

Beading  is  a  process  of  gaining  meaning  from  symbols.  Mean- 
ing applies  originally  to  objects  and  relations,  and  is  represented  in 
the  mind  by  a  much  abbreviated  and  condensed  form  of  the  expe- 
rience one  has  had  with  these  objects  and  relations.  By  experience 
is  meant  more  than  the  data  given  by  the  senses  and  the  kinesthetic 
sensations.  It  includes  emotional,  or  afifective,  elements  as  welL' 
These  may  in  part  have  been  aroused  by  the  sense  data  directly  and 
they  may  in  part  have  become  merely  associated  with  them.  The 
meaning  of  'steamboat'  is  represented  in  my  mind  by  more  than 

*  Regarding  visual  perception  during  eye  movements,  see  Dodge,  Psych. 
Rev.,  Vol.  VIII,  p.  454-465,  and  Dearborn,  Op.  Cit.,  Chap.  5. 

■  Cf.  Bagley,  'The  Apperception  of  the  Spoken  Sentence',  American  Journal 
of  Psychology,  VoL  12,  pp.  125-130. 
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fleeting  visiial  and  other  sensory  and  kinesthetic  images.  Vaguely 
remembered  feelings  of  joy,  anger,  fatigue,  and  certain  moods  also 
form  a  part  of  this  meaning. 

These  meanings,  once  they  are  in  the  mind,  may  then  become 
associated  with,  or  attached,  to  objects  and  relations  that  have  not 
been  distinctly  experienced.  I  know,  for  example,  that  volcanoes 
are,  although  I  have  never  seen  any.  I  have,  of  course,  seen 
pictures  of  some,  but  my  experience  with  these  pictures  does  not  ex- 
haust my  knowledge,  or  'meaning'  of  them.  Experience  gained 
from  other  sources  (fire,  smoke,  etc.)  have  through  reading  and  other- 
wise become  recombined  in  my  mind  and  now  comprise  the  meaning 
of  volcano. 

Through  the  power  of  language  and  the  mental  functions  that 
language  implies,  man  singles  out  particular  meanings  from  his  ex- 
perience and  labels  them  with  symbols.  In  his  mental  life  and  in  his 
conmiimication  with  his  fellows,  these  symbols  become  the  carriers 
of  meaning.  They  are  enabled  to  be  these  carriers  by  having  the 
experiences  that  comprise  the  meaning  connected  with  them.  With 
out  reinstating  in  some  degree  these  experiences  the  symbol  would 
be  meaningless.  The  same  symbol,  of  course,  becomes  associated 
with  the  same  or  a  similar  object,  and  consequently  with  similar  ex- 
periences, in  different  minds.  The  word  'steamboat'  brings  in  its  train 
certain  usually  vague  but  characteristic  mental  attributes,  which  are 
in  a  measure  common  to  different  people.  The  word,  therefore,  has 
a  conmion  meaning  to  these  people. 

In  reading,  a  similar  reinstatement  of  experience  takes  place  as 
in  thought  or  in  oral  communication.  The  printed  symbol  arouses 
the  meaning  that  has  through  education  and  experience  become  con- 
nected with  it.  It  is  in  the  rapidity  with  which  this  meaning  is  aroused 
that  we  have  to  look  for  the  cause  of  the  differences  in  reading  rate. 
This  is  the  conclusion  we  are  forced  to  after  having  eliminated  the 
physiological  qualities  pertaining  to  the  mechanism  of  vision.  We 
saw  that  neither  visual  acuity,  retinal  sensitivity  nor  the  horizontal 
extent  of  acute  vision  had  any  significant  correlation  with  reading 
rate,  and  that  slow  readers  make  both  more  and  longer  reading  pauses 
than  rapid  readers. 

But  there  is  still  one  other  physiological  factor  that  has  been  ad- 
vanced as  influencing  reading  rate.  This  is  what  Dearborn  calls  the 
'motor  habit'  in  reading.  In  his  own  words,  "A  motor  habit  is  evi- 
denced by  a  rythmical  series  of  the  same  number  of  pauses  per  line, 
and  by  a  imiform  method  of  time  distribution.  The  latter  consists 
of  a  comparatively  long  initial  pause  followed  by  two  or  more  shorter 
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ones  of  decreasing  duration.  These  may  be  followed  by  a  somewhat 
longer  pause  near  the  end  of  the  line"  (p.  128).  He  continues  in  the 
same  paragraph:  "These  motor  habits  are  most  easily  acquired  in 
the  shorter  lines  and  aid  materially  in  the  rapidity  of  reading. 
They  are,  furthermore,  one  of  the  characteristics  of  rapid  readers." 

The  experiments  and  data  upon  which  he  bases  this  conclusion 
are  indicated  in  Chapters  XII  and  XIII  of  his  study.  The  experi- 
ments indicated  in  Chapter  XII  were  done  with  two  subjects,  one  a 
rapid  and  one  a  slightly  slower  reader,  and  were  to  determine  the  in- 
fluence of  the  length  of  line  on  the  number,  length  and  distribution 
of  the  reading  pauses.  The  same  passages  were  read  both  in  short 
and  in  long  line  arrangements.  The  rapid  reader  distributed  his  pauses 
more  nearly  as  ascribed  above  than  the  slower  reader,  and  both  did 
so  more  nearly  in  the  short  than  in  the  long  line  arrangements. 

In  Chapter  XIII  some  data  on  the  rapidity  of  reading  are  pre- 
sented. In  one  phase  of  the  experiment  a  subject  read  a  passage 
first  at  his  normal  rate  and  then  at  his  maximmn  rate  consistent  with 
getting  the  sense.  "There  is  a  decrease  in  the  average  duration  of 
the  pauses  in  the  second  reading,  biU  this  decrease  is  not  made  equally 
in  all  parts  of  the  line.  It  occurs  chiefly  in  the  last  half  of  the  line, 
and  in  fact  not  only  is  the  time  of  the  first  fixations  not  decreased  on  the 
second  reading,  but  there  is  a  slight  increase  in  both  the  average  and  the 
total  time  spent  in  the  initial  fixations.**  ^  So  far  as  the  text  indicates, 
this  conclusion  is  based  on  the  records  of  but  one  subject. 

The  number  of  subjects  experimented  upon  and  the  amount  of 
data  compared  are  clearly  not  large  enough  to  give  one  much  faith 
in  the  validity  of  the  conclusion.  What  was  true  of  these  subjects 
might  not  be  true  of  others. 

Furthermore,  even  if  the  conclusion  be  correct,  cause  and  effect 
may  here  be  just  the  reverse  of  what  they  are  indicated  to  be.  The 
'motor  habits'  may  be  a  function  of  the  ease  and  rapidity  of  reading 
rather  than  the  reverse.  The  fact  that  it  is  subjectively  easier  to  read 
short  lines  than  long  ones,  and  to  read  a  passage  the  second  time, 
may  be  the  cause  of  the  greater  regularity  in  eye  movement.  What 
is  needed  here  are  experiments  with  children  whose  reading  habits 
are  still  flexible.  It  is  only  by  elaborate  experiments  with  them 
that  we  can  determine  to  what  extent,  if  at  all,  the  reading  rate  can  be 
increased  by  the  establishment  of  regular  motor  habits,  and  to  what 
extent  the  two  phenomena  are  merely  reciprocal. 

By  granting  that  by  proper  line  arrangement  in  school  readers, 
coimected  with  proper  teaching,  we  can  produce  more  rapid  readers 
through  the  establishment  of  right  motor  habits,  it  is  not  claimed 

*  Op.  cii.,  p.  1 20.     The  italics  arc  Dearborn's. 
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that  this  is  the  sole,  or  even  a  large  factor  in  determining  reading 
rate.  "The  cause  of  the  slowness  of  reading  may  doubtless  for  the 
most  part  be  central,  and  quite  apart  from  this  peculiarity."^ 

But  the  fact  that  right  motor  habits  cannot  greatly  increase 
reading  rate  does  not  detract  from  their  pedagogical  value.  They 
may  still  be  the  chief  avenue  of  increasing  reading  speed.  They  are 
not  the  sole  avenue  because  mere  practise  in  reading  is  another. 
Quantz  found  a  high  correlation  between  extent  of  reading  and  reading 
rate,  but  here  the  casual  influence  can  probably  not  even  in  the  main 
be  attributed  to  extent  of  reading.  A  person  who  finds  reading  easy 
will  for  that  reason  read  more  than  one  who  finds  it  slow  and  irksome. 
Still,  all  influence  cannot  be  denied  to  practise. 

Dearborn  rightly  inveighs  against  a  'habit  of  slow  methodical 
plodding '  in  reading  that '  varies  little  whatever  the  sort  and  importance 
of  the  reading.'^  He  attributes  this  habit  in  part  to  classical  study. 
The  classical  student  pours  over  his  Latin  and  Greek  word  by  word, 
and  imless  this  method  is  coimterbalanced  in  his  general  reading,  he 
will  in  time  read  everything  slowly.  Another  source  of  this  habit 
of  plodding  is  foimd  in  much  of  the  material  in  oiu*  school  readers. 
This  is  often  too  difficult  and  requires  the  pupil  to  'dig'  as  if  he 
were  stud3ring  Latin.  Oiu*  pupils  should  read  easier  material  and 
more  of  it.  This  would  admit  of  the  speed  tests  Dearborn  suggests, 
which  should  no  doubt  have  a  conspicuous  place  in  the  school-room. 

There  remains  open  to  the  teacher,  then,  three  avenues  in  the 
teaching  of  reading  that  lead  to  the  acquisition  of  speed,  remember- 
ing always  that  one  should  not  expect  too  much  from  them.  These 
are  (1)  material  easy  enough  so  that  the  pupil  is  not  overwhelmed 
with  difficulties,  (2)  lines  not  more  than  75-85  nun.  in  length  and  uni- 
form for  each  selection,'  and  (3)  speed  tests.  The  value  of  these 
factors  needs  still  to  be  investigated. 

Reading  rate  may  then  be  taken  to  depend  chiefly  upon  the 
rapidity  with  which  meaning  is  aroused  in  the  mind  after  the  S3rmbol 
is  seen.  This  in  turn  is  probably  in  the  main  dependent  upon  a  per- 
son's native  brain  inertia. 

Some  of  the  factors,  however,  that  comprise  the  meaning  and 
that  bear  a  relation  to  reading  rate  have  been  ascertained.  Since 
Galton's  classic  experiments  on  mental  imagery,  it  has  become  an  es- 
tablished fact  that  people  differ  in  the  imagery  most  prominent  in 

*  Dearborn,  Op.  Cit.,  p.  121. 

»  Op.  at.,  p.  121. 

■  Dearborn,  Op.  Cit.,  p.  115. 
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their  mental  life.^  The  images  furnished  by  the  data  from  the  differ- 
ent senses,  including  the  kinesthetic  and  the  muscular  sensations, 
are  not  equally  prominent  in  the  mental  life  of  all.  While  in  most 
people  they  are  about  equally  represented,  and  none  are  entirely  ab- 
sent in  any,  still  some  people  are  predominantly  eye-minded,  ear- 
minded,  or  motor-minded.  Quantz'  determined  these  three  sensory 
types  and  correlated  them  with  reading  rate.  He  foimd  that  "the 
visual  type  of  readers  are  slightly  more  rapid  readers  than  the  audi- 
tory type  (p.  49)  and  that  "lip-movement  is  a  serious  hindrance  to 
speed  of  reading"  (p.  50).  Prominence  of  lip-movement  was  taken 
as  a  rough  index  of  the  motor  type.  It  cannot  be  taken  to  stand  for 
it  directly  because  it  is  not  imagery,  but  the  expression  of  imagery* 
The  prevalence  of  motor  imagery  need  not  necessarily  be  proportional 
to  it.  The  conclusion  may  be  taken  to  be  established,  however, 
that  when  meaning  is  represented  by  visual  imagery  it  is  more  quickly 
aroused  in  reading,  or  permits  more  rapid  succession,  than  when  it 
is  represented  by  auditory  or  motor  imagery.  This  need  not  neces- 
sarily mean  that  visual  imagery  is  inherently  more  rapid  than  audi- 
tory or  than  motor  imagery.  It  may  merely  have  the  advantage  in 
the  reading  process  because  it  too  is  visual.  It  may  well  be  that  in 
gaining  knowledge  through  the  ear  the  auditory  type  is  more  rapid. 

CattelP  has  made  the  observation  that  the  rapidity  of  reading 
and  of  speaking  coincide  with  each  other  and  perhaps  also  with  the 
usual  rapidity  of  thinking.  If  my  conclusion,  that  the  rate  of  read- 
ing is  almost  entirely  determined  by  the  rapidity  of  the  central  pro- 
cesses, is  correct,  it  is  in  line  with  this  suggestion.  In  reading  we  think 
the  thoughts  of  the  book,  for  thought  is  but  a  succession  of  meanings, 
and  our  rate  of  reading  is  determined  by  the  rate  at  which  we  can 
think  these  thoughts.  When  we  think  by  ourselves,  and  think  at 
all  in  detail,  introspection  indicates  that  our  thoughts  follow  only 
about  as  rapidly  as  we  read  and  as  we  speak. 

This  would  make  reading  rate  an  index  of  a  person's  rapidity  of 
thought,  which  is  one  of  the  elements  of  its  efficiency.  Other  things 
being  equal,  a  rapid  thinker  can  accomplish  more  than  a  slow  one. 
But  this  is  not  saying  that  reading  rate  is  an  index  of  the  quality  or 
depth  of  a  man's  thinking.  Romanes,  who  found  a  variation  of  4-1 
in  reading  rate,  thought  this  had  no  connection  with  intellectual  per- 

*  Francis  Gallon,  Inquiry  into  Human  Faculty,  p.  841.  See  also  Jastrow, 
*Eye-mindedness  and  Ear-mindedness/  Popular  Science  Monthly,  Vol.  XXXIII, 

p.  597f- 

»  Op.  at.,  p.  i8f. 

•  PhU.  Stud.,  Vol.  II,  p.  649. 
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formance.  Eminent  men  of  letters  and  science  that  he  tested  were 
just  as  likely  to  be  slow  as  rapid  readers.  Quantz  found  some  corre- 
lation between  reading  rate  and  college  records,  which,  however,  he 
recognizes  as  not  a  true  test  of  intellectual  strength.  I  had  no  ade- 
quate way  of  grading  or  ranking  my  subjects,  nevertheless  some  posi- 
tive correlation  between  mental  efficiency  and  reading  rate  seems 
evident,  but  the  amount  is  small. 


SUMMARY  AND  CONCLUSIONS. 

1.  The  field  of  distinct  vision  has  no  clear  cut  boundary  line, 
but  shades  off  gradually  into  indistinct  vision. 

2.  The  extent  of  the  field  varies  with  the  size,  legibility  and  dis- 
tance from  the  eye  of  the  test-units. 

3.  It  appears  that  between  four  and  five  degrees  from  the  center 
of  the  fovea  there  is  a  zone  with  slightly  less  acuity  than  the  adjacent 
regions.  This  zone  probably  corresponds  to  the  slope  of  the  foveal 
depression. 

4.  Distributed  irregularly  over  the  retina  are  found  imperfections 
that  in  some  cases  amoimt  to  blind  spots. 

5.  The  shape  of  the  field  boimded  by  points  of  equal  distinctness 
varies  in  different  individuals  from  a  'square-oval/  about  twice  as 
long  horizontally  as  wide  vertically,  to  a  circle. 

6.  The  size  of  the  field  varies  approximately  as  2-1  in  the  hori- 
zontal diameter,  as  1.5-1  in  the  vertical  diameter,  and  as  2-1  in  area. 

7.  Data  obtained  from  members  of  the  Mongolian  race  indicate 
no  conspicuous  variation  from  the  Caucasian  race. 

8.  The  shape  or  oblongness  of  the  field  of  distinct  vision  corre- 
lates but  little,  if  any,  with  a  person's  illusion  of  the  square,  or  with  a 
person's  'golden  section.' 

9.  The  various  dimensions  of  the  distinct  field  apparently  do 
not  correlate  with  the  corresponding  dimensions  of  the  color  zones. 

10.  Between  the  size  of  the  distinct  field  and  visual  acuity  there 
is  a  positive  correlation,  which  is  higher  foi  near  than  for  far  vision. 
For  near  vision  the  percent  of  displacement  is  approximately  22  and 
the  Pearson  coefficient  +.70.  For  distinct  vision  the  corresponding 
figures  are  approximately  35  percent  and  +.45.  There  is  also  a  small 
amount  of  positive  correlation  between  the  size  of  the  field  and  retinal 
sensitivity. 

11.  There  is  little  or  no  correlation  between  the  horizontal  ex- 
tent of  distinct  vision  and  the  'A'  test,  the  number  of  lines  that  can 
be  seen  simultaneously,  reading  rate,  and  the  number  of  pauses  per 
line.  Even  a  rapid  reader  does  not  use  all  his  retinal  extent  available 
for  seeing  words. 

12.  Reading  rate  apparently  does  not  correlate  with  any  of  the 
attributes  of  vision,  but  it  correlates  highly  with  the  smallness  of  the 
number  of  reading  pauses  per  line,  having  a  percent  of  displacement 
of  13  and  a  Pearson  coefficient  of  +.81. 

13.  The  data  as  a  whole  point  to  the  conclusion  that  reading 
rate  is  in  the  main  determined  centrally,  by  the  rapidity  with  which 
meaning  is  aroused  after  the  words  are  seen. 
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CHAPTER  I 

INTRODUCTION 

A  thorough  consideration  of  the  circulation  of  the  blood  in  its  rela- 
tion to  mental  states  reveals  the  fact  that  slight  disturbances  in  the 
functioning  of  the  circulatory  organs  may  quite  seriously  aflfect  con- 
sciousness. Blood  in  the  brain  of  the  requisite  purity  and  rapidity  of 
flow  seems  quite  essential  to  normal  consciousness.  The  lack  of  proper 
stimulation  by  a  sufficient  quantity  of  oxygenated  blood  will  produce 
mental  stupidity  and  coma.  Any  derangement  of  the  functions  of 
those  organs  of  the  body  which  in  any  way  aid  in  contributing  pure 
blood  to  the  brain,  may  be  said  indirectly  to  affect  mental  states.  All 
modem  writers  upon  hygiene  insist  that  for  students  to  do  the  best 
work  in  school,  pure  air  and  plenty  of  exercise  are  essential,  not  only 
for  health,  but  for  efficiency  in  thinking.  Seats  and  desks  must  be 
comfortable,  and  of  the  proper  shape  and  height  to  keep  the  body  in  a 
position  suitable  for  normal  circulation  of  the  blood  and  breathing.  If 
either  are  impaired,  the  attentive  powers  are  distracted  and  mental 
conditions  become  less  efficient. 

Since  this  treatise  deals  with  a  comparison  of  mental  activity  in  the 
horizontal  and  vertical  positions  of  the  body,  and  mental  activities 
fieem  so  dependent  upon  proper  blood  supply  to  the  brain,  it  becomes 
evident  that  the  problem  must  be  considered  very  largely  in  its  phys- 
iological bearings.  If  it  can  be  shown  that  in  these  two  positions  of 
the  body  there  are  marked  physiological  differences — differences  of 
blood  supply  to  the  brain;  differences  in  heart  action,  both  as  to 
rapidity  and  force;  differences  in  the  breathing  reflexes;  differences 
in  the  condition  of  the  musculature;  differences  in  abdominal  pressure; 
and  differences  in  the  vaso-motor  activity  for  the  proper  distribution 
of  blood  to  the  various  parts  of  the  body — then  we  are  led  to  a  considera- 
tion of  the  present  problem,  whether  there  are  differences  in  mental 
activities  also. 

The  problem  has  been  attacked  previously  in  no  thoroughly  system- 
atic manner.  The  chapter  on  the  literature  will  indicate  that  the 
physiological  phases  of  bodily  posture  have  been  studied,  but  no  system- 
atic work  has  been  done  upon  the  psychological  differences,  and  there 
is  little  indication  that  the  physiological  differences  even  suggest  a 
comparative  psychological  examination.  The  present  research  includes 
an  experimental  study  of  mental  processes  in  the  horizontal  and  vertical 
positions  only,  but  the  results  here  attained  seem  to  indicate  a  fruitful 
field  of  research  in  other  directions.  For  example,  it  would  be  interest- 
ing to  know  whether  walking  or  sitting  is  more  conducive  to  good 
thinking,  and  what  individual  differences  would  be  ioAXudu   ^Vbxc^ 
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individuals  state  that  they  can  think  better  while  walking,  but  this 
could  be  tested  under  laboratory  conditions.  Then  there  aie  indica- 
tions that  one  falls  into  habitual  postures  throu^  a  sort  of  selective 
process,  gradually  finding  the  one  in  which  he  feeds  that  he  can  do  the 
best  mental  work.  It  would  be  interesting  to  test  such  individuals 
and  determine  whether  such  positions  are  really  conducive  to  better 
thou^t,  or  whether  in  some  other  position  they  will  not  do  equally 
well. 

It  will  be  noted  in  the  experimental  chapters  that  individuals  vary 
considerably  in  all  the  tests  made.  However,  the  results  in  most  in- 
stances seem  to  conform  to  those  we  would  normally  expect  from  a 
theoretical  consideration  of  physiological  conditions.  Yet  this  is  not 
always  the  case. 

For  the  most  part,  the  literature  of  the  subject  will  be  discussed 
in  Chapter  II,  though  occasionally  it  may  be  necessary  to  make  reference 
to  other  investigators  in  the  succeeding  chapters.  The  methods  and 
apparatus  employed  in  the  experimental  work  will  be  discussed  usually 
in  the  chapter  in  which  the  tests  and  results  are  recorded. 


CHAPTER  II 

LITERATUBE 

The  psychology  of  bodily  position  has  been  little  studied  experimen- 
tally. There  is  no  doubt  that  many  writers  have  considered,  as  of 
some  significance,  the  fact  that  individuals  vary  in  bodily  posture  in 
executing  many  of  the  ordinary  tasks;  but  the  trouble  has  not  been 
undertaken  to  subject  individuals  to  accurate  tests  and  find  out 
whether  there  is  a  favorable  positicm  for  certain  types  of  mental  life  or 
not.  Introspective  evidence  is  not  lacking  that  certain  bodily  postures 
are  favorable  for  particular  mental  tasks,  but  psychologists  are  skep- 
tical as  to  the  validity  of  the  mere  introspective  evidence  without  jcorrob- 
orative  testimony  from  the  experimental  laboratory.  Consequently, 
the  great  portion  of  the  literature  will  bear  rather  upon  the  physiological 
aspects  of  the  question  than  the  psychological. 

Lauder-Brunton^  discusses  at  some  length  the  efifect  which  gravity  has 
upon  the  diaphragmatic  action,  and  the  outward  pressure  upon  the 
abdominal  wall.  In  the  upright  posture,  the  diaphragm  moves  ver- 
tically, but  the  abdominal  walls  and  intestines  move  in  a  horizontal 
plane.  Consequently,  in  this  position  there  is  no  lifting  work  for  the 
diaphragm  to  do.  When  a  man  is  l3ring  on  his  back,  however,  the  case 
is  quite  different.  During  inspiration,  the  diaphragm  encroaches  upen 
the  intestines,  and  has  actually  to  exert  enough  force  to  raise  them 
and  also  the  abdominal  walls.  Thus  the  recumbent  posture  may  be  of 
advantage  in  diseases  in  which  the  weight  of  the  intestines  will  drive 
the  diaphragm  back  up  into  the  thorax  and  aid  expiration.  In 
heart  and  limg  diseases,'  however,  the  opposite  seems  to  be  the  case. 
Most  patients  have  a  desire  to  sit  up  in  bed,  or  even  to  walk  about 
slowly.  Leonard  Hill  points  out  in  a  rather  significant  way,  also, 
that  it  is  possible  to  give  an  accurate  diagnosis  of  many  diseases  by 
studying  the  posture  of  the  patient.  Even  mental  diseases  of  the 
various  types  have  their  peculiar  bodily  postures.  Also  in  perfectly 
normal  individuals,  psychic  states  more  or  less  influence  the  bodily 
posture,  while  weather  conditions,*  temperature,  humidity,  wind, 
etc.,  have  not  only  been  shown  to  effect  the  posture,  but  also  to  have 
striking  causal  relations  to  very  significant  acts  of  will.  Lauder- 
Brunton  also  points  out  that  the  varying  t3rpes  of  emotion  have  their 
individually  characteristic  bodily  postures,  and  this  posture  seems  to  be 

*  Lauder-Bninton,  Popular  Science  Monthly ^  4a,  33. 

*  Leonard  Hill,  Cerebral  CirctUaHon,  London,  1S96,  p.  7S. 

'  Dexter,  "  Conduct  and  the  Weather/'  Psychological  Review,  Monograph 
Supplement,  No.  xo,  1S99. 
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a  real  expression  of  the  emotion.  James^  illustrates  the  same  point 
by  saying:  ''Whistling  to  keep  up  courage  is  no  mere  figure  of  speech. 
On  the  other  hand,  sit  all  day  in  a  moping  posture,  sigh,  and  reply  to 
ever3rthing  with  a  dismal  voice,  and  your  melancholy  lingers.  There 
is  no  more  valuable  precept  in  moral  education  than  this,  as  all  who 
have  experience  know:  if  we  wish  to  conquer  imdesirable  emotional 
tendencies  in  ourselves,  we  must  assiduously,  and,  in  the  first  instance, 
cold-bloodedly,  go  through  the  outward  movements  of  those  contrary 
dispositions  which  we  prefer  to  cultivate." 

Again  Lauder-Brunton  shows  in  a  remarkable  passage  how  bodily 
X)osture  seems  to  have  great  influence  upon  the  free  play  of  ideas.  ''An 
experience  of  my  own  once  showed  me  how  dependent  the  brain  is  upon 
the  supply  of  blood.  I  was  called  upon  one  night,  after  a  long  day's 
ivork,  to  write  an  article  inmiediately.  I  sat  down  with  pen,  and  ink, 
and  paper,  but  not  a  single  idea  came  into  my  head,  not  a  single  word 
could  I  write.  Lying  back,  I  soliloquized:  'the  brain  is  the  same  as  it 
was  yesterday,  and  it  worked  then:  why  will  it  not  work  today?'  Then 
it  occurred  to  me  that  I  was  not  so  tired  the  day  before,  and  probably 
the  circulation  was  a  little  brisker  than  to-day.  I  next  thought  of  the 
various  experiments  on  the  connection  between  the  cerebral  circulation 
and  mental  activity,  and  I  concluded  that  if  the  blood  would  not  come 
to  the  brain,  the  best  thing  would  be  to  bring  the  brain  down  to  the 
blood.  I  laid  my  head  flat  upon  the  table,  and  at  once  my  ideas  began 
to  flow,  and  my  pen  began  to  run  across  the  paper.  I  thought,  'I  am 
getting  on  so  well  now  I  may  sit  up,'  but  the  moment  I  raised  my  head, 
the  mind  became  an  utter  blank ;  so  I  put  my  head  down  again  fllat  upon 
the  table  and  finished  my  article  in  that  position." 

In  President  Baker's'  address  before  the  Anthropological  Section 
of  the  American  Association  for  the  Advancement  of  Science,  in  1890, 
he  calls  attention  to  the  remarkable  changes  that  have  taken  place 
in  the  human  body  as  it  gradually,  through  the  long  processes  of 
evolution,  assumed  the  upright  position.  Since  gravity  must  play  a 
very  important  part  in  the  visceral  and  circulatory  organs,  therefore 
any  change  in  the  equilibrium  must  necessarily  cause  some  disturbance 
in  organic  functions.  These  disturbances  will  necessarily  weaken  the 
animal  and  will  interfere  with  its  assuming  the  upright  posture.  There 
is  of  necessity,  then,  a  long  period  of  struggle,  both  mental  and  physical 
in  which  the  organic  structures  of  the  body  are  gradually  adapting 
themselves  to  the  new  position.  There  is  much  evidence  that  this 
struggle  is  still  going  on,  and  that  the  adaptation  is  still  far  from  com- 
plete. He  enters  into  a  rather  extensive  description  of  various  organs 
which  have  been  modified,  and  are  still  being  modified,  in  order  to 

*  James,  Principles  of  Psychology^  Vol.  II.,  p.  463. 

'  Frank  Baker,  The  Ascent  of  Man,  Amer.  Asso.  for  the  Adv.  of  So.,  iSqo* 
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become  perfectly  adapted  to  a  vertical  posture.  The  pelvis,  which 
forms  the  support  for  the  internal  organs,  has  become  more  disc-like 
Slid  thicker  and  the  opening  through  it  has  become  much  smaller. 
These  changes  are  more  pronounced  in  the  female  than  in  the  male, 
since  it  must  bear  the  weight  of  the  pregnant  uterus.  Indeed  it  has 
become  a  sort  of  compromise  between  an  arrangement  of  great  strength 
for  support,  and  ease  in  child  delivery.  Since  the  head  of  the  child 
was  greatly  increased  with  the  vertical  posture,  childbirth  became 
much  more  difficult,  and  the  struggle  has  been  terrific.  Woman's 
-entire  physique  shows  signs  of  very  many  physical  changes,  and  in  no 
animal  is  there  such  a  difference  in  the  sexes  as  in  man  and  woman. 
Hernia  is  another  sign  of  imperfect  adaptation.  In  quadrupeds  the 
weight  of  the  abdominal  organs  is  swung  from  the  spine  by  the  tunica 
abdominalis.  In  man  this  has  entirely  disappeared  except  in  the 
groin,  and  here  it  frequently  gives  way,  causing  rupture.  Uterine 
displacements  are  almost  imknown  in  the  horizontal  posture,  but  are 
among  the  most  common  sexual  complaints  of  the  vertical  female. 
The  ''knee  and  elbow"  treatment  of  this  malady,  which  is  decidedly 
quadrupedal  in  nature,  is  suggestive  of  the  imperfect  adjustment  to 
the  vertical  posture.  Stone*  in  the  bladder  is  unknown  to  quadru- 
pedal animals  because  all  sediment  is  easily  drained  off  through  the 
urethra.  President  Baker  quotes  from  Dr.  Erasmus  Darwin  as  follows: 
""  It  has  been  supposed  by  some  that  all  mankind  were  formerly  quadru- 
peds as  well  as  hermaphrodites,  and  that  some  parts  of  the  body  are 
not  yet  so  convenient  to  an  erect  posture  as  to  a  horizontal  one.  As 
the  fundus  of  the  bladder  in  an  erect  posture  is  not  exactly  over  the 
insertion  of  the  urethra,  whence  it  is  seldom  completely  evacuated, 
-and  thus  renders  mankind  more  subject  to  the  stone  than  if  he  had 
preserved  his  horizon tality."  The  appendix  is  a  vestigial  organ  and 
only  functioned  far  down  the  biological  scale  below  man.  In  quadru- 
peds it  is  so  placed  that  gravity  aids  in  freeing  it  from  foecal  accumula- 
tions, and  it  is  thus  seldom  diseased.  The  liver,  in  quadrupeds,  hangs 
from  the  spine,  but  in  man  it  depends  from  the  diaphragm,  which  in 
turn  has  attachments  with  the  fibrous  coverings  of  the  heart,  and  these 
in  turn  are  continuous  with  the  fascia  of  the  neck,  so  that  in  reality, 
the  liver  hangs  suspended  from  the  upper  thorax.  This  decreases 
the  degree  of  action  of  the  diaphragm,  confines  the  lungs  more  closely, 
and  must  interfere  somewhat  with  the  action  of  the  blood,  and  con- 
sequently impairs  the  vertical  animal's  power  to  endure  rapid  muscular 
exercise.  There  are  also  many  difficulties  in  the  circulation  of  the 
blood  in  the  vertical  animal,  such  as  the  raising  of  the  blood  through 
the  ascending  vena-cava,  whence  comes  congestion  of  the  liver,  and 
•cardiac  dropsy.    Then  in  the  descending  vena-cava  there  is  a  tendency 

*  Dr.  Erasmus  Darwin,  Temple  of  Nature,  Canto  II.  (Note),  Jan,  i,  itoi. 
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for  the  blood  to  drop  too  rapidly,  producing  s3moope.  Valves  of  the 
circulatory  system  are  arranged  for  the  horizontal  position  of  the  body, 
and  not  the  vertical.  They  are  wholly  lacking  in  some  of  the  more 
important  of  the  vertical  trunks,  yet  are  foimd  in  many  of  the  hori- 
zontal veins  where  they  are  not  at  all  needed. 

Probably  the  most  careful  student  of  the  physiological  effects  of 
bodily  posture  is  Leonard  Hill/  the  great  English  ph3r8iologi8t. 
In  his  chapter  in  Schafer's  "  Text-Book  of  Physiology,"  he  compares  the 
whole  circulatory  system  to  a  network  of  distensible  tubes,  having 
a  pump  in  the  midst  of  the  system  to  force  the  blood  in  both  directions — 
upward  against  gravity  and  downward  with  gravity.  By  the  valves 
in  the  veins,  the  tonicity  of  the  arterioles,  and  the  muscles  of  the 
abdominal  walls,  the  circulation  is  supposedly  efficient  with  the  body 
in  any  position,  save  the  head  down.  This  is  not  actually  true,  as  will 
be  shown  in  some  of  the  experimental  chapters,  for  many  individuals 
are  not  endowed  with  the  vaso-motor  mechanism  which  renders  the 
compensation  for  gravity  perfect.  However,  with  a  perfectly  normal 
individual,  the  mechanism  is  adequate,  and  the  circulation  will  be  effi- 
cient with  the  body  in  any  of  the  various  positions  ordinarily  assumed. 

Leonard  HilP  shows  that  the  great  splanchnic  area  forms  a  sort 
of  resistance  box  of  the  circulation.  If  the  vessels  here  are  contracted, 
the  blood  must  make  its  way  to  the  muscles  and  brain  and  other  parts 
of  the  body.  If  these  vessels  are  dilated,  the  blood  lodges  there,  and 
he  claims  that  they  are  capacious  enough  when  fully  distended  to  hold 
all  the  blood  of  the  body.  He  affixed  a  dog  to  a  board  which  could  be 
swung  around  an  axis,  throwing  the  animal  alternately  in  the  hori- 
zontal and  vertical  feet-down  positions,  and  then  by  opening  the 
jugular  and  carotid  artery  and  cannulae  connected  with  manometers, 
he  was  able  to  read  the  arterial  and  venous  pressure  in  the  two  positions 
of  the  body.  Dropping  the  animal  into  the  vertical  feet-down  posture, 
the  arterial  pressure  falls  to  a  slight  extent,  and  then  rises  to  the 
normal  level.  The  hydrostatic  effect  is  here  practically  nihil  because 
of  the  integrity  of  both  the  vaso-motor  center  and  the  respiratory 
pump.  By  cutting  the  splanchnic  nerves,  the  arterial  pressure  falls 
very  low  in  the  vertical  feet-down  posture,  which  shows  that  gravity 
becomes  of  vital  importance  when  the  vaso-motor  tone  of  the  splanch- 
nic area  is  destroyed.  If,  in  addition,  the  respiratory  pump  is 
thrown  out  of  gear,  the  circulation  becomes  impossible. 

This  same  writer'  has  shown  that  a  rise  in  the  arterial  pressure 
produces  an  increased  velocity  of  blood  in  the  brain.    In  great  rises  of 

*  Leonard  Hill,  "  Effect  of  Change  of  Posture  on  Circulation,"  Sckafer's  Text- 
Book  of  Physiology,  Vol.  II,  p.  90. 

'  Leonard  Hill,  British  Medical  Journal,  1897,  Vol.  i,  p.  959. 
'  Leonard  Hill,  Cerebral  Circulation,  London,  1896,  p.  78. 
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preflsure  by  abeinthe,  he  shows  that  the  outflow  of  blood  from  the 
torcular  increased  from  twice  to  six  times.  And  the  metabolism  of  the 
brain  was  found  to  be  very  little  as  compared  to  that  of  the  muscles. 
The  practice  of  wearing  belts  for  weakness  and  after  parturition  has 
a  real  physiological  significance,  since  it  increases  the  output  of  blood 
and  the  pressure  of  same  in  the  brain.  In  this  connection,  he  refers 
to  the  significant  fact  that  some  people  lose  their  memory^  in  the 
vertical  posture  and  regain  it  upon  recumbency.  Also  some  individuals 
do  better  mental  work  when  in  the  horizontal  position.  The  Rabe- 
laisian effects  of  fear,  manifested  by  soldiers  before  battles,  may  be 
due  to  the  splanchnic  dilation  of  the  blood  vessels  and  the  blood  rushing 
to  the  abdomen.  Every  stimulus  that  affects  the  nervous  system 
affects  the  vaso-motor  centers,  and  thus  has  an  effect  upon  the  cerebral 
circulation.  A  pleasant  emotion  raises  the  blood  pressure,  and  an 
impleasant  one  lowers  it.  The  vaso-motor  is  a  sort  of  protective 
arrangement  whereby  blood  can  be  drawn  from  the  abdomen  to  supply 
the  brain.  When  a  certain  stimulus  demands  cerebral  response,  the 
splanchnic  area  constricts,  and  blood  is  driven  rapidly  through  the 
brain.  With  this  mechanism  slightly  out  of  order,  change  in  the 
posture  would  produce  differences  in  blood  supply  to  the  brain,  and 
we  would  thus  expect  to  find  slight  differences  in  mental  states. 

The  experiments  of  Erlanger  and  Hooker*  agree  very  closely  with 
those  of  Hill,  and  show  that  the  changes  in  the  circulation  of  the  blood, 
due  to  changes  in  posture  are  ver>'  largely  hydrostatic,  and  in  the 
majority  of  cases  not  at  all  due  to  the  inefficency  of  the  vaso-motor 
mechanism.  They  show  by  the  use  of  the  von  Kries  tachygraph  that 
the  acceleration  of  blood  flow  per  heart-beat  is  greatest  in  the  recum- 
bent posture  and  smallest  in  the  vertical  posture.  These  results, 
together  with  those  of  Hill,  would  suggest  a  possible  theory  for  greater 
intellectuality  in  the  recumbent  posture.  Their  research  shows  also 
that  posture  has  a  marked  effect  on  the  character  of  the  urine,  chlo- 
rides, phosphates,  and  nitrogen  being  much  smaller  in  the  standing 
than  in  the  recumbent  posture. 

Kiesow'  has  investigated  the  blood  pressure  of  a  large  nmnber  of 
individuals,  and  has  found  that  the  position  of  the  body  is  a  very  im- 
portant factor.  In  eighty  per  cent,  of  the  subjects,  the  pressure  is 
greatest  in  the  vertical  posture  and  least  in  the  recumbent  posture. 
Violent  gynmastic  exercise  increases  the  pressure  from  70  or  80  to  100 
or  110.  Massage  increases  the  pressing  from  60  to  90.  The  pressure 
keeps  up  for  about  fifteen  minutes  and  then  returns  to  the  normal. 
Coffee  will  increase  the  blood  pressure  from  10  to  15  points,  which 

'  Leonard  Hill,  Cerebral  Circulation^  London,  1896,  p.  112. 

'  Erlanger  and  Hooker,  Amer.  Jour,  of  Physiology,  VoL  X,  1903-4. 

'  Kiesow,  Arch.  Ital.  de  Biol.,  Vol.  XXIII,  p.  198,  1895. 
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continues  for  about  an  hour.  In  his  series  of  experiments  to  determine 
whether  intellectual  effort  and  sustained  attention  produced  changes 
in  the  blood  pressure,  he  reaches  the  conclusion  that  it  is  only  when 
they  verge  into  feelings  and  psychic  disturbances  of  some  sort  that  we 
can  detect  changes  in  blood  pressure  as  a  result.  Of  course  if  deep 
psychosis  produces  change  in  blood  pressure,  we  might  infer  that  the 
reverse  would  also  be  true,  and  if  posture  has  influence  in  the  change 
of  blood  pressure  and  rapidity  of  flow,  it  would  indirectly  affect  the 
mental  life. 

One  of  the  most  exhaustive  treatises  on  blood  pressure  is  that  of 
Janeway, "  Clinical  Study  of  Blood  Pressure,"  1904.  He  brings  together 
a  great  deal  of  the  clinical  evidence  from  niunerous  sources  upon  the 
subject,  and  throws  some  light  upon  the  present  problem.  He  shows 
that  blood  pressure  depends  upon  four  separate  and  distinct  things, 
viz.y  the  energy  of  the  heart,  the  peripheral  resistance,  the  elasticity 
of  the  arterial  walls,  and  the  volume  of  the  circulating  fluid.  EQll  and 
others  would  add  to  these,  the  bodily  posture.  The  nerves*  which 
have  greatest  effect  on  the  general  blood  pressure  are  those  which  are 
distributed  to  the  splanchnic  region.  So  long  as  these  nerves  are  in- 
tact, splanchnic  circulation  can  usually  compensate  for  the  most  ex- 
treme narrowing  of  the  rest  of  the  arterial  tree,  but  if  a  section  is  made 
through  them  the  arterial  pressure  immediately  falls.  Bezold,'  in  his 
researches  in  Leipzig,  reached  similar  conclusions.  If,  also,  the  vaso- 
motor centers  themselves  are  impaired  in  their  activity,  the  pressure 
falls  when  the  body  is  changed  from  the  horizontal  to  the  vertical 
posture. 

Janeway'  shows  that  the  volume  of  blood  in  the  body  is  small 
when  compared  with  the  full  capacity  of  the  veins,  arteries,  and 
capillaries.  Some  of  the  vessels  are  nearly  empty  a  good  portion  of 
the  time,  and  distribution  in  the  necessary  parts  is  effected  by  the 
tonus  of  the  muscles  in  the  walls  of  the  vessels.  If  the  cord  is  de- 
stroyed, the  blood  all  flows  quickly  into  the  veins  and  the  animal  bleeds 
to  death  inwardly.  An  amount  of  fluid*  greater  than  the  total  blood 
volume  of  the  body  has  been  infused  into  the  veins  and  blood-vessels, 
without  raising  the  pressure  above  a  point  frequently  reached  in 
normal  life.  Pawlow,  quoted  by  Janeway  on  p.  26,  put  immense 
quantities  of  bouillon  into  the  blood  vessels  of  a  dog  without  any  rise 
in  the  pressure.    These  experiments  show  that  pressure  does  not  de- 

*  Ludwig  imd  Cyon,  Bericht  d.  Sack,  GeseUsch.  d,  Wissensch.  Math.  Phys,  CL 
1 866. 

*  Bezold,  Untersuchungen  uber  die  Innervation  d,  Herzens,  pp.  223-229,  1863. 

*  Janeway,  Clinical  Study  of  Blood  Pressure,  p.  25,  1904. 

*  Worm-MuUerm,  Bericht  d,  Sach,  Gesellsch  d,  Wissensch,  Math.  Phys.  CL, 
1873,  pp.  573-664. 
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pend  so  much  upon  the  quantity  of  blood  in  the  vessels,  but  upon  the 
position  of  the  body  and  the  mechanism  for  changing  the  calibre  of  the 
vessels  to  drive  the  blood  to  the  part  of  the  body  where  it  is  needed. 

Keith,^  in  the  Lancet  for  March,  1903,  discusses  the  ''Nature  and 
Anatomy  of  E^teroptosis,"  and  indirectly  throws  some  little  light  on 
the  importance  of  posture  and  the  effects  of  gravity  upon  some  of  the 
vital  organs.  The  writer  endeavors  to  show  that  enteroptosis  is  a 
disease  which  is  brought  about  by  a  lack,  on  the  part  of  the  muscles 
of  the  abdominal  wall,  to  resist  the  effects  of  gravity  upon  the  organs 
of  the  thorax  and  abdominal  region.  It  is  a  condition  found  only  in 
animals  of  the  upright  posture,  and  most  frequently  in  man.  He  says 
that  the  thoracic  and  abdominal  organs  are  poised  between  the  muscles 
of  inspiration  and  expiration.  This  poise  between  the  two  cavities  for 
most  individuals  remains  about  constant  throughout  life.  Some- 
times, however,  the  muscles  of  inspiration  get  the  upper  hand,  and  the 
viscera  of  the  thorax  and  abdomen  become  displaced,  resulting  in  what 
is  called  enteroptosis.  It  may  affect  particularly  any  one  organ,  or  it 
may  affect  a  whole  group,  bearing  strongly  down  into  the  abdomen,  the 
stomach,  liver,  spleen,  and  intestines.  Post-mortem  examinations 
show  that  these  organs  vary  as  much  as  two  or  three  inches  from  the 
normal  position,  causing  intense  pain  and  completely  changing  the 
mental  and  physical  life  of  the  individual. 

There  is  likewise  an  affection,  known  as  Glenard's'  disease,  usually 
met  with  in  women,  due  to  repeated  pregnancies,  or  undue  exertion 
or  injuries.  It  is  a  general  falling  of  the  abdominal  organs  due  to 
gravity.  The  transverse  colon  is  the  first  to  descend,  and  then  the 
stomach  is  drawn  down  so  that  the  pylorus  is  greatly  compressed  and 
does  not  allow  the  food  to  pass  freely.  The  whole  mass  of  the  small 
intestines  becomes  prolapsed  and  the  abdomen  becomes  distended.  Liver 
and  kidneys  become  loose  and  are  described  as  floating.  The  patient 
suffers  greatly  and  can  only  be  relieved  by  assuming  the  horizontal 
position  or  wearing  tight  bandages  aroimd  the  abdomen.  This  disease 
has  a  great  effect  on  the  mental  life  also,  in  many  instances  producing 
moroseness  and  melancholy.  Such  results  would  be  expected  from  so 
great  a  displacement  of  the  vital  organs. 

Komfeld'  found  that  in  practically  all  kinds  of  physical  exercise, 
with  the  body  in  various  positions,  the  blood  pressure  rises  above  the 
normal  at  first,  and  then  there  is  a  sudden  falling  off.  Within  one 
minute  after  the  ceasing  of  the  exercise,  the  pressure  is  again  normal. 
He  found  also  that  exercises  which  required  great  attention  made  the 
pressure  go  higher.    A  melody  on  a  violin,  when  the  subject  was  trying 

^  Keith,  "The  Nature  and  Anatomy  of  Enteroptosis,"  Lancet,  March,  1903. 
'  Treves,  "Treatment  of  Glenard's  Disease,  ''Brit,  Med,  Journal,Yo\,  i,  1896. 
»  Komfeld,  Wein.  Med,  Blot,,  Vol.  XXII,  1899. 
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to  recognize  it,  caused  the  blood  pressure  to  rise  from  110  mm.  to 
150  mm.,  but  as  soon  as  the  melody  was  recognized  the  piessuie  fell  to 
130  mm.  This  experiment  shows,  possibly  as  well  as  any  on  record, 
that  mental  states  are  in  some  intimate  manner  associated  with  blood 
pressure  to  the  brain.  If  so,  then  posture,  which  has  been  shown  to 
have  great  influence  on  blood  pressure,  will  also  have  some  e£Fect  on 
one's  mental  life. 

It  has  been  shown^  that  upon  the  child  assuming  the  upright 
posture,  several  changes  in  the  spine  take  place  in  order  to  counteract 
the  effects  of  gravity.  At  first  a  sharp  forward  curve  develops  in  the 
lower  lumbar  region,  continued  up  into  the  dorsum.  The  back  thus 
becomes  hollowed.  Gradually  a  compensating  curve  develops  in  the 
dorsal  region,  forming  a  well  marked  backward  curve.  Then  a  third 
develops  later  in  the  cervical  region  which  is  more  closely  akin  to  the 
lumbar.  During  the  greater  part  of  the  time  that  these  curves  are 
forming,  the  child  is  in  school.  An  examination  of  the  boys  of  the 
Montreal  High  School  reveals  the  fact  that  23  per  cent,  of  them  had 
lowered  shoulders,  and  30  per  cent,  the  ''gorilla  type"  of  posture  vA^ea 
standing.  About  14  per  cent,  of  all  college  students  examined  at  Mo- 
Gill  University  have  similar  deformities.  It  cannot  be  safely  asserted 
without  actual  testing  that  these  deformities  bring  about  correlative 
mental  defects,  but  since  they  are  spinal  defects,  we  would  expect 
from  them  some  derangement  of  the  mental  life.  The  posture  of 
children  in  school,  while  sitting  and  standing,  should  be  watched  very 
carefully,  and  any  incipient  defects  carefully  corrected.  Posture  is 
not  only  important  from  the  standpoint  of  the  child's  health  and 
activity,  but  because  it  furnishes  us  indications  of  habitual  modes  of 
thought  in  children.  A  thorough  study  of  the  posture  of  children 
would  reveal  many  means  of  building  up  the  physical  health.  Rowe' 
says  that  in  standing  rather  than  sitting  we  see  the  habitual  modes  of 
thought  of  the  student  finding  expression.  The  erect  head  is  the 
expression  of  self-confidence  and  conscious  power.  The  drooping  head 
and  the  sunken  chest  is  the  expression  of  weakness. 

One  of  the  best  contributions  to  the  study  of  posture  in  its  relar 
tions  to  blood  pressure  and  heart-beat  is  that  by  Crampton,'  Assistant 
Superintendent  of  Physical  Training  in  the  New  York  City  Schools. 
By  means  of  a  table  correlating  heart-beat  and  blood  pressure  in  the 
horizontal  and  vertical  positions  of  the  body,  he  determines  physical 
condition.    The  index  to  physical  condition  he  asserts  to    be   the 

•  McKenzie,  "  Influence  of  School  Life  on  the  Curvature  of  the  Spine/'  N.  E, 
A.  Report,  p.  939,  1898. 

•  Rowe,  Physical  Nature  of  the  Child,  Chapter  X. 

•  Crampton,  "A  Test  of  Condition :  Preliminary  Report,"  Medical  News,  Sept.. 
1905. 
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efficiency  of  the  vaso-motor  mechanism  in  controlling  the  blood  sup- 
ply to  the  splanchnic  area.  This  is  shown  by  the  table,  and  individuals 
are  divided  into  nine  groups  according  to  the  changes  in  heart-beat 
and  blood  pressure  when  elevated  from  the  horizontal  to  the  vertical 
position.  I  shall  refer  to  this  table  again  in  my  experimental  work 
where  I  have  attempted  to  correlate  mental  efficiency  with  physical 
condition  according  to  his  standards. 

N.  Vaschide/  in  1904,  made  a  series  of  experiments  in  tactile 
perception  by  the  use  of  the  aesthesiometers  under  standard  conditions 
on  consecutive  days.  His  subjects  were  naked  so  as  to  be  free  from 
all  pressure  of  the  clothing.  Then  the  same  experiments  were  repeated 
with  conditions  such  as  to  necessitate  marked  circulatory  modifications. 
Bands  were  tied  about  the  arms  and  neck  and  limbs  so  as  to  bring  about 
congestion  in  certain  parts.  The  position  of  the  body  was  varied  con- 
siderably also  to  produce  congestion  and  free  circulation.  His  results 
are  as  follows:  Tactile  sensibility  varies  under  the  influence  of  change 
of  position  and  freedom  of  the  circulation.  Fineness  of  discrimination 
depends  immediately  upon  the  efficiency  and  strength  of  circulation. 
By  a  mere  shift  of  the  bodily  position  so  as  to  bring  about  a  different 
condition  of  circulation,  measiurable  differences  of  sensation  are  pro- 
voked. He  emphasizes  the  fact  that  a  powerful  and  constant  flow  of 
blood  increases  the  sensibility.  Anemia  produces  a  diminution  of 
sensation  qualities,  as  does  also  congestion  of  blood.  Nervous  diseases 
and  supersensitiveness  are  frequently  due  to  blood  pressure  in  certain 
parts  of  the  body.  Any  member  spontaneously  flooded  with  blood 
becomes  more  sensitive.  Vaschide  insists  that  all  tactile  senses  need 
revision  according  to  these  principles. 

All  the  literature  upon  the  subject  of  blood  pressure  and  distribu- 
tion of  blood  to  all  parts  of  the  body,  indicates  clearly  that  bodily 
posture  has  a  very  potent  influence  in  determining  the  same.  And 
since  consciousness  depends  for  its  normal  state  upon  the  proper 
circulation  of  the  blood  to  the  brain,  we  are  justified  in  assuming  that 
in  all  individuals,  posture  alone  will  produce  measiurable  variations 
in  the  various  senses,  and  even  in  the  deeper  processes,  such  as  memory, 
judgment,  and  reasoning.  The  experimental  part  of  this  dissertation 
will  undertake  to  measure  these  variations  as  found  by  changing  the 
bodily  posture  of  the  subject,  and  at  the  same  time  measuring  the 
variability  in  the  psychic  processes. 

^  Vaschide,  "Les  rapports  de  la  circulation  sanguine  et  la  mesure  de  la  sen- 
sibilite  tactile,"  C.  R.  Acad,  D.  Set.,  Vol.  139,  pp.  486-488,  1904. 
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LETTEBS    PROM   WELL-KNOWN    INDIVIDUALS   STATING    THEIR  PAVORm: 
POSITION  OP  THE  BODY  POR  THE  BEST  INTELLECTUAL  WORK 

In  the  beginning  of  this  research,  it  seemed  quiie  essential  to  know 
whether  individuals  have  favorite  positions  and  attitudes  of  the  body 
in  which  they  habitually  do  their  intellectual  work,  and  also,  if 
possible,  to  find  out  how  these  came  to  be  assumed,  whether  by  meie 
chance,  or  whether,  by  gradual  experimentation  and  elimination  of  un- 
satisfactory postures,  a  fixed  one  was  assumed  in  which  the  best  work 
could  be  accomplished.  The  writer  was  convinced  from  observation 
of  students  in  classrooms  and  study  rooms,  and  from  the  postures  of 
children  in  the  kindergarten  and  lower  grades  of  the  public  schools,, 
that  great  individual  differences  would  be  found.  It  was  apparent 
that  these  differences  were  not  mere  chance  variations,  but  seemed 
rather  to  be  due  to  a  process  of  selection  by  which  that  bodily  position 
is  gradually  assumed,  which  conduces  to  the  easiest  flow  of  ideas. 
In  order  to  investigate  these  various  points,  several  hundred  letters 
were  written  to  men  who  have  gained  eminence  in  at  least  fifteen 
different  walks  of  life.  A  personal  letter  was  written  to  each  individual^ 
stating  the  purpose  of  the  research,  and  asking  a  few  questions  which 
could  be  easily  and  quickly  answered.  Some  three  hundred  and  fifty 
responses  came  as  a  result  of  this  inquiry,  which,  in  the  opinion  of  the 
writer,  give  rather  conclusive  evidence  that  mental  states  are  some- 
what dependent  upon  bodily  position,  and  that  most  individuals  who 
do  highly  specialized  intellectual  labor  find  that  there  is  some  one 
bodily  posture  which  will  very  greatly  facilitate  their  work. 

A  few  of  these  letters  are  given  here  to  show  certain  tendencies 
which  seem  to  prevail,  and  to  throw  some  light  on  the  prominent  part 
which  posture  does  seem  to  play  in  our  best  thinking. 

The  following  letter  is  from  a  man  who  has  for  years  been  prominent 
in  politics  in  the  West,  has  been  in  Congress,  and  was  twice  in  succes- 
sion governor  of  a  state. 

"Dear  Sir: — Your  letter  of  inquiry  concerning  the  position  of  my 
body  when  I  do  my  best  thinking,  interested  me,  for  I  have  often 
wondered  why  my  ideas  always  seem  clearer  after  I  go  to  bed  at  flight. 
I  have  formed  the  habit  for  many  years  of  spending  an  hour  or  more 
doing  some  careful  thinking  immediately  after  I  retire.  If  I  am  to 
deliver  an  address,  I  think  out  my  speech  in  bed,  generally  just  the 
night  before.  You  ask  me  to  state  how  I  got  into  this  habit.  I  think 
it  dates  back  to  my  school  days  when  I  invariably  solved  my  difficult 
mathematical  problems  after  retiring.  Sometimes  when  I  arose  in  the 
morning,  I  had  forgotten  the  solution,  and  could  not  get  it  during  the 
day,  but  was  sure  to  wotk  \\,  owt  \.Vv&  x^ex-t  m^Vvi  a^ain," 
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I  may  say  that  this  is  a  very  general  type  of  letter.  A  number  of 
individuals  refer  to  the  solution  of  problems  in  mathematics  as 
easier  in  the  horizontal  position  of  the  body,  and  say  that  they  fre- 
quently reserve  the  most  difficult  work  until  after  they  retire.  In 
conversing  with  individuals,  the  writer  has  found  that  these  are  not 
isolated  cases  but  that  practically  everyone  has  some  special  position 
of  the  body  which  apparently  must  be  assumed  to  get  the  best  mental 
results,  and  it  is  surprising  how  many  have  referred  to  doing  the 
most  difficult  mental  tasks  in  bed. 

The  following  letter  was  received  from  a  journalist  in  the  Middle 
West,  whose  editorials  are  without  doubt  of  the  very  first  rank.  He 
is  also  a  man  of  great  political  influence,  and  a  first-class  orator. 

"My  Dear  Sir: — In  reply  to  your  inquiry,  will  say  that  I  can  do  my 
best  thinking  while  lying  down.  I  have  in  my  office  a  divan  upon 
which  I  reclme  when  thinking  out  anything  particularly  difficult,  for 
I  have  found  that  ideas  come  more  easily,  and  are  more  easily  clothed 
in  appropriate  words  in  this  position." 

From  this  letter,  I  assume  that  the  writer  dictates  to  his  stenog- 
rapher, and  that  in  this  instance  we  have  illustrated  that  the  horizontal 
position  not  only  conduces  to  clear  thinking  and  clearer  ideas,  ideas 
that  better  fit  into  the  apperceptional  mass  of  the  editor,  but  also  that 
it  facilitates  the  ph3rsiological  expression  of  these  ideas  in  appropriate 
language. 

Another  letter  describes  a  posture  which  has  decidedly  physiological 
advantages  from  the  standpoint  of  the  circulation  of  the  blood.  It 
reads  as  follows: 

''Dear  Sir: — I  wonder  what  psychologists  will  investigate  next. 
Your  queries  cause  me  to  wonder  what  you  are  about.  The  posture 
that  I  assume  for  literary  work  will  amuse  you.  I  have  written  the 
greater  portion  of  all  my  books  while  lying  on  the  floor  on  my  belly." 

This  writer's  name  is  almost  a  household  word  in  America.  Few 
men  stand  higher  in  the  literary  world  to-day,  and  every  boy  has 
read  his  books  with  pleasure. 

The  position  which  this  writer  assumes  brings  the  pressure  of  the 
weight  of  the  body  upon  the  splanchnic  area  and  serves  to  keep  the 
blood  squeezed  from  the  capacious  veins  there,  and  distributed  to  other 
parts  of  the  body.  This  position*  would  not  only  favor  the  vaso- 
motor mechanism  for  the  compensation  for  gravity,  but  would  permit 
of  no  congestion  of  this  region  whatever  and  keep  the  brain  stimulated 
with  blood.  These  effects  might  more  than  compensate  for  the  in- 
conveniences of  the  position  for  writing.    And  indeed,  chirography, 

*  Leonard  HiU,  "Experiments  on  Blood  Pressure,"  Brit.  Med.  Jour.,  1897, 
Vol.  I. 
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judging  from  the  manuscripts  themselves,  scarcely  enters  into  the 
consciousness  of  writers. 

Another  letter  from  an  American  psychologist  may  be  of  interest 
as  bearing  directly  upon  this  same  subject  of  the  position  of  the  body 
when  doing  mental  work. 

''Sir:  I  have  never  considered  the  position  of  the  body  in  mental 
work  as  of  very  much  importance;  however,  I  am  free  to  confess  that 
much  of  my  best  thinking  has  been  done  while  reclining.  It  is  my 
custom  in  my  study  to  think  out  many  problems  while  l3dng  on  a 
couch  on  my  right  side  with  my  right  elbow  under  my  head.  I  cannot 
;give  you  the  genesis  of  this  position,  though  I  think  it  dates  back  into 
childhood." 

This  position  is  rather  peculiar,  save  that  it  is  practically  horizontal. 
No  other  individual  describes  this  exact  position.  It  might  be  ex- 
plained simply  as  the  most  convenient  one  in  his  particular  study. 
The  couch  may  be  so  placed  with  reference  to  his  study  table  that  it  is 
•easy  to  fall  over  on  it  and  assume  a  horizontal  position  on  the  right 
fiide. 

From  the  evidence  in  the  letters  received,  there  is  another  t3rpe  of 
position  much  used  in  intellectual  work  which  may  be  designated 
as  semi-horizontal.  It  is  usually  described  as  ''easy."  The  feet  are 
placed  upon  a  table  or  other  high  object,  the  chair  being  forced  back 
upon  the  two  hind  legs,  usually  leaning  against  the  wall  or  other 
support.  This  posture,  I  have  noted  many  times,  is  a  favorite  one 
with  students  in  dormitories,  and  in  their  own  private  rooms  every- 
where. Thirty-five  out  of  eighty-one  students  visited  in  Hartley 
Hall,  Columbia  University,  for  observation  of  the  position  in  which 
they  were  engaged  in  study,  were  found  to  have  their  feet  upon  a  table 
or  chair  or  some  other  object  which  elevated  them  very  much  and 
gave  the  body  what  might  be  called  a  semi-horizontal  position.  Morris 
chairs  are  a  special  device  invented  to  bring  about  this  particular 
position. 

The  following  letters  will  indicate  a  very  pronounced  tendency 
among  eminent  individuals  to  assume  this  position  in  doing  intel- 
lectual work. 

"Dear  Sir:  I  will  say  that  I  can  do  my  best  thinking  in  my  own 
quiet  study,  with  my  feet  thrown  loosely  up  over  the  comer  of  my  table, 
or  possibly  even  higher.  I  have  been  accustomed  to  this  position  for 
years,  and  even  write  so.  My  writing  is  done  chiefly  on  a  large  pine 
board  which  I  hold  across  my  lap." 

"Dear  Sir:  In  answer  to  your  inquiry  will  say  that  I  sometimes 
recline  on  a  couch  while  I  write,  but  more  frequently  sit  in  a  large,  low- 
bottomed  chair  with  my  feet  either  upon  another  chair,  or  upon  the 
table  in  front  of  me.  I  can  assign  no  special  reason  for  taking  this 
position  except  that  it  seems  perfectly  comfortable,  and  this  fact  alone 
seems  conducive  to  good  thinking." 
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"My  Dear  Sir:  The  greater  part  of  my  writing  has  been  done  in 
a  large  arm  chair  with  a  very  slanting  back.  Across  the  arms  I  usually 
place  a  large  board,  forming  a  sort  of  lean  back  table  right  in  front  of 
me.  My  feet  are  then  placed  high,  so  as  to  give  me  almost  a  reclining 
posture,  and  yet  a  most  convenient  position  for  writing.'' 

The  following  letter  is  from  a  man  of  national  reputation  as  a  writer 
of  negro  dialect.  In  addressing  him,  I  asked  him  if  there  was  any 
motor  tendency  on  his  part  to  assume  typical  negro  postures  while 
attempting  to  depict  minutely  certain  characters  and  types.  His 
answer  throws  a  little  light  on  this  interesting  question  in  addition 
to  the  one  before  us. 

**My  Dear  Sir:  In  reply  to  your  inquiry  concerning  my  bodily 
position  while  writing  my  negro  stories,  will  say  that  it  varies  some- 
what. In  the  summer  time,  I  write  a  great  deal  out  of  doors,  lying 
upon  the  lawn,  or  anywhere  I  can  have  an  opportunity  to  watch  one 
or  two  of  my  servants  work,  and  hear  their  conversation.  I  generally 
have  them  doing  odd  jobs  near  me  for  purposes  of  which  they  are  totally 
ignorant.  In  my  study,  I  usually  sit  in  a  low  chair  with  my  feet  high, 
and  some  means  of  writing  across  my  lap,  or  on  a  small  table  at  my 
side.  I  do  not  find  that  I  have  a  tendency  to  make  any  bodily  move- 
ments of  negroes  that  I  wish  to  describe  but  I  try  to  see  in  my  imagina- 
tion very  clearly  every  movement  and  attitude  described." 

Of  course  we  do  not  have  here  the  testimony  of  a  psychologist  as 
to  these  images.  It  may  be  that  if  instruments  for  recording  delicate 
movements  were  attached  to  this  writer,  it  would  be  foimd  that  the 
imagery  had  a  background  in  much  movement. 

One  other  letter  of  the  type  belonging  to  this  group  is  sufficient 
to  show  the  general  tendency  to  a  semi-horizontal  posture. 

''Dear  Sir:  I  can  do  my  best  thinking  in  a  Morris  chair  with  the 
back  at  a  low  angle  and  my  feet  on  a  high  stool.  This  position  has 
now  become  habitual  and  I  involimtarily  drop  into  it,  though  it  has 
been  learned  in  the  past  two  years.  I  find  it  the  most  comfortable 
and  the  most  conducive  to  an  easy  flow  of  ideas.  I  formerly  worked, 
sitting  at  my  study  table." 

About  sixty-five  per  cent,  of  all  letters  received  conform  pretty 
clearly  to  these  two  types.  This  investigation  seems  to  indicate  rather 
definitely  that  a  large  number  of  writers,  men  of  science,  ministers, 
statesmen,  and  those  who  have  become  distinguished  in  various  lines, 
chose  practically  the  horizontal  position  for  their  most  careful  intel- 
lectual work.  The  remainder  of  the  letters  is  difficult  to  classify. 
Quite  a  large  number  state  that  they  do  their  best  and  most  careful 
thinking  during  some  solitary  walk.  Many  say  that  they  must  get 
down  over  their  work  at  a  table,  and  seem  to  indicate  that  there  is 
some  efficacy  in  holding  the  head  up  with  one  hand  and  writing  with 
the  other.  One  says  that  he  must  have  the  temperature  of  his  room 
about  eighty  degrees,  and  must  sit  at  a  low  table.    Some  few  declare 
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that  the  position  makes  no  difference  in  their  mental  life  so  far  as  they 
can  see.  At  one  time  they  will  recline,  at  another  walk  about  their 
room,  and  at  another  quietly  sit  at  their  study  table.  Several  state 
that  some  sort  of  contact  of  the  hand  with  various  parts  of  the  face  or 
nose,  or  the  stroking  of  the  hair  seems  to  stimulate  mental  activity. 
This  is  nearly  always  mentioned  as  being  helpful  while  sitting  at  a 
table  engaged  in  study.  There  are  several  examples  of  individuals 
who  seem  to  arrive  at  their  most  original  ideas  while  in  bed,  and  arise 
to  write  them  down  and  clothe  them  in  proper  language.  On  the  other 
hand,  a  few  assert  that  a  pleasing  thought  can  be  put  into  the  best 
language  only  after  they  retire  at  night.  One  minister  states  that  he 
works  over  all  his  material  for  a  sermon  at  his  study  table,  but  puts 
it  into  the  proper  form  for  delivery  while  in  bed.  Another  does  just 
the  reverse.  A  poet  writes,  ''No  man  ever  became  a  poet  sitting  at 
a  table;  he  must  lounge  and  dream."  There  are  vast  individual 
differences  in  this  remaining  thirty-five  per  cent.  No  two  seem  ex- 
actly to  agree  in  a  favorite  posture,  and  indeed  posture  does  not  seem 
to  influence  their  mentality  to  a  great  extent.  There  may  be  counteract- 
ing forces  in  their  temperament  which  overbalance  any  effect  which 
posture  might  have.  It  will  be  shown  later,  however,  in  the  experi- 
mental portion  of  this  work  that  posture  is  a  great  factor  detennining 
efficiency  in  mental  states,  even  though  the  subject  is  not  aware  of  it, 
and  may  deny  it.  A  subject  may  declare  introspectively  that  a  certain 
position  is  preferable  for  certain  mental  tests,  and  yet  show  by  actual 
experiment  that  the  opposite  position  for  him  is  preferable.  This,  of 
course,  shows  that  there  is  little  validity  in  the  opinions  of  the  authors 
of  the  letters  previously  quoted,  and  that  such  testimony  can  have 
little  value  imtil  it  is  verified  by  careful  experimentation  under  labora- 
tory conditions. 


CHAPTER  IV 

DISCRIMINATION  OP  PITCH 

Method. — In  this  chapter  three  series  of  experiments  upon  the  dis- 
crimination of  pitch  will  be  described.  The  effort  is  to  determine 
whether  there  is  a  general  tendency  for  individuals  to  discriminate 
better  in  the  horizontal  or  vertical  position  of  the  body.  The  first 
series  of  tests  was  made  upon  school  children  of  the  eighth  grade  in  the 
public  schools,  ranging  in  age  from  ten  to  thirteen  years.  A  cot  was 
provided  in  a  quiet  room,  upon  which  the  children  could  recline  for  the 
tests  in  the  horizontal  position.  For  the  vertical  they  were  simply 
required  to  stand  upright,  and  at  an  equal  distance  from,  and  the  same 
relative  position  to,  the  stimulus.  For  these  tests  a  mandolin  was  used, 
tuned  to  concert  pitch.  The  A  strings  were  made  to  vary  from  each 
other  from  two  to  four  vibrations  per  second,  according  to  the  threshold 
of  the  subject.  At  the  beginning  of  the  testing  of  each  subject,  enough 
preliminary  trials  were  made  to  determine  the  probable  threshold,  and 
then  this  difference  was  maintained  throughout  the  recorded  series  for 
this  subject.  The  A  strings  tuned  in  this  fashion  were  used  ''open" 
for  all  subjects,  so  as  to  give  the  same  quality  of  tone.  Care  was  taken 
also  to  pick  the  strings  evenly  and  with  the  same  intensity,  and  at  the 
same  distance  from  the  bridge  in  all  experiments.  The  instrument 
used  was  a  Tony  Beahl  make,  having  an  excellent  quality  of  tone, 
and  easily  dampened  by  the  fingers,  without  giving  any  impleasant 
over-tones  or  vibrations  which  would  distract  the  attention.  The 
method  used,  as  in  all  the  tests  on  the  discrimination  of  pitch,  was  that 
of  right  and  wrong  cases.  One  hundred  tests  in  each  position  were 
made  upon  all  subjects  with  the  exception  of  two,  who  were  given  one 
hundred  and  fifty.  The  two  A  strings,  tuned  as  previously  explained, 
were  picked,  an  interval  of  two  seconds  intervening,  and  the  subject 
was  asked  to  say  whether  the  second  was  higher  or  lower.  If  unable  to 
decide,  he  was  asked  to  guess.  The  probable  error  was  then  deter- 
mined from  the  percentage  of  the  right  cases  by  the  Fullerton  and 
Cattell*  table. 

In  all  the  experiments  on  discrimination  of  pitch  the  subjects  tended 
to  become  easily  fatigued.  In  consequence  it  was  necessary  to  change 
the  posture  of  the  subject  quite  frequently,  in  order  that  the  fatigue 
effects  should  be  distributed  equally  in  the  two  positions.  Generally 
ten  tests  were  made  in  one  position,  and  then  the  subject  was  changed 
to  the  other;  if,  however,  signs  of  fatigue  appeared  sooner,  the  subject 
was  alternated  from  one  position  to  the  other  every  five  experiments. 

*  Ptillerton  and  Cattell,  On  the  Perception  of  SmaU  Differences,  p.  i6,  1892. 
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In  this  way  there  was  no  chance  for  the  constant  error  of  fatigue  to 
enter  more  strongly  in  one  position  than  another.  The  same  holds 
for  the  practice  effects,  which  were  imdoubtedly  present  in  a  large 
number  of  subjects.  Similarly,  whatever  improvements  were  made 
by  the  individual  subjects,  will  be  found  equally  distributed  in  the 
two  positions,  because  of  the  frequent  change  of  posture. 

TABLE  I 

The  following  table  gives  the  results  of  tests  made  on  eleven  school  children 
for  the  discrimination  of  pitch. 


Horixontal 

Vertical 

Ntmbcr 

Per 

Number 

Per  cent 

Com- 

Sutiject 

Sex 

A 

cent 

P.  B. 

right 

P.  B. 

parmtive 

menu 

right 

mentB 

pcrceata 

G. 

Male 

3 

lOO 

65 

5-2 

3 

100 

69 

4.0 

79^ 

A. 

Female 

4 

lOO 

82 

2.9 

4 

100 

88 

2.3 

M. 

Male 

3 

lOO 

82 

2.2 

3 

100 

76 

2.8 

127% 

S. 

Female 

3 

lOO 

91 

1-5 

3 

100 

82 

2.2 

^^% 

H. 

Male 

4 

150 

79 

3.3 

4 

150 

84 

2.7 

81% 

L. 

Male 

3 

100 

94 

1-3 

3 

100 

91 

1-5 

"5% 

M.G. 

Female 

3 

100 

75 

3.0 

3 

100 

82 

2.2 

73% 

H.T. 

Female 

4 

100 

60 

10.6 

4 

100 

67 

6.0 

B. 

Male 

3 

150 

79 

2.5 

3 

150 

74 

31 

"4% 

G.  S. 

Male 

4 

100 

81 

30 

4 

100 

90 

2.1 

H. 

Female 

2 

100 

68 

2.9 

2 

100 

73 

2.2 

76% 

M. 

M. 

M. 

M. 

M. 

77.8 

3.5 

79.6 

2.8 

93% 

M.V. 

M.V. 

M.V 

M.V 

M.V. 

7.8 

1.6 

7.4 

.8 

25% 

Explanation  of  Table  L — All  of  the  tables  in  discrimination  of 
pitch  are  somewhat  alike,  and  an  explanation  of  Table  I  will  clarify 
all.  The  results  to  the  left  of  the  middle  line  of  the  table  are  those 
gotten  for  the  horizontal  position,  and  those  to  the  right  of  the  line 
for  the  vertical.  Column  one  represents  the  subject,  column  two 
the  sex,  column  three  the  difference  of  vibration  per  second  of  the  two 
A  strings  of  the  mandolin,  column  four  the  actual  number  of  tests  made 
upon  the  individual  subject,  column  five  the  per  cent,  of  right  cases^ 
column  six  the  probable  error,  determined  from  the  difference  in  vibra- 
tion per  second  and  the  per  cent,  of  right  cases.  The  last  column  on 
the  right  of  the  table  represents  the  per  cent,  which  the  probable 
error  in  the  vertical  position  is  of  that  in  the  horizontal. 

This  group  of  children  was  selected  from  a  large  grade,  and  repre- 
sents those  who  have  been  in  school  the  same  numl)er  of  years  and 
who  have  had  the  same  teachers.  The  children,  therefore,  represent 
a  group  having  had  precisely  the  same  training  so  far  as  the  school 
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is  concerned,  yet  representing  rather  remarkable  individual  differences. 
The  probable  errors  in  the  horizontal  position  vary  from  1.3  to  10.6, 
though  the  latter  is  far  above  the  mean.  In  the  vertical  posture  they 
vary  from  1.5  to  6,  with  a  mean  of  2.8. 

It  does  not  appear  from  the  investigation  that  discrimination  of 
pitch  is  very  closely  correlated  with  musical  ability.  Subject  G  is 
decidedly  the  most  musical  of  the  whole  group,  while  subject  M  does 
not  know  the  difference  in  tunes.  A  comparison  of  the  probable 
errors  shows  that  M's  discrimination  of  pitch  is  more  than  twice  as 
good  as  G's.  The  subject  H.  T.,  who  does  by  far  the  poorest  of  the 
group  in  discrimination,  has  a  beautiful  voice  and  sings  quite  well, 
though  she  has  difficulty  in  keeping  on  the  key.  She  also  plays  the 
piano  well  for  one  of  her  age.  Subject  L,  who  has  the  best  record  for 
discrimination  of  pitch,  is  very  bright  in  all  lines,  but  takes  no  special 
interest  in  music,  and  does  not  sing  at  all.  On  the  other  hand,  subject 
S,  who  has  a  very  good  record  in  discrimination,  is  musical.  It  does 
not  appear,  however,  as  a  result  of  these  tests  that  the  two,  musical 
ability  and  discrimination  of  pitch,  are  correlated. 

It  will  be  observed,  too,  by  a  comparison  of  the  probable  errors  in 
the  two  positions  of  the  body,  that  there  seems  to  be,  for  this  group, 
an  advantage  in  the  vertical  posture,  for  the  discrimination  of  pitch. 
The  succeeding  tables  will  show  this  same  tendency  even  more  mark- 
edly. There  seems  to  be  no  physiological  reason  why  sound  waves 
should  affect  the  organs  of  hearing  differently  in  the  two  positions, 
and  the  fact  is  possibly  to  be  explained  on  the  basis  of  association  and 
habit.  Table  IV  shows  that  practice  by  those  subjects  who  could 
discriminate  much  better  in  the  horizontal  posture,  tends  to  reduce  the 
differences  of  discrimination  in  the  two  positions  of  the  body.  This 
explanation  should  be  further  borne  out  by  the  fact  that  in  adults, 
where  habit  and  association  are  more  deeply  rooted,  the  differences 
in  discrimination  in  the  two  positions  are  more  decidedly  marked.  The 
mean  comparative  per  cents,  of  the  probable  errors  for  the  children 
is  93,  and  for  the  adults  in  Table  II,  it  is  71.  This  seems  too  great  a 
difference  to  be  explained  as  a  chance  variation. 

Explanation  of  Table  II. — The  method  for  obtaining  the  results  in 
Table  II  was  somewhat  similar  to  that  used  for  Table  I.  A  balancing 
table  was  used  for  changing  the  subjects  easily  and  quickly  from  one 
position  to  another,  built  somewhat  on  the  plan  of  Mosso's  instrument. 
The  subject  was  placed  upon  this  instrument  in  the  horizontal  position, 
and  given  ten  tests,  after  which  he  was  rotated  to  the  vertical  position 
and  given  more.  This  method  was  continued  until  one  hundred 
tests  in  each  position  were  made.  Instead  of  the  mandolin,  the  mono- 
chord  was  used  for  giving  the  stimuli.  Middle  C  was  the  tone  used  as 
the  standard,  and  the  other  string  made  to  vary  from  this  from  one 
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This  table  is  a  summary  of  rcstilts  of  tests  for  discrimiaation  of  pitch  upon 
twelve  students  in  the  University  of  Leipzig,  by  the  use  of  the  monochord. 
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to  four  vibrations  per  second,  according  to  the  threshold  of  the  subject. 
The  threshold  was  roughly  determined  in  every  case  by  a  series  of 
preliminary  tests.  As  in  the  previous  tests,  the  method  of  right  and 
wrong  cases  was  employed. 

The  important  fact  shown  by  this  table  is  that  out  of  the  twelve 
subjects  tested,  ten  do  decidedly  better  in  the  vertical  posture.  The 
probable  errors,  which  are  correct  measures  of  their  discriminative 
ability,  are  a  little  over  1.4  times  as  large  in  the  horizontal  as  in  the 
vertical  postiu^  for  the  whole  group.  The  individual  differences  are 
important  in  this  group  also.  It  will  be  seen  that  the  probable  errors 
in  the  horizontal  position  vary  between  the  limits  .7  and  5.26,  when 
the  mean  is  2.5,  and  in  the  vertical  position  the  extremes  are  0.55 
and  3.15  with  a  mean  of  1.8.  These  differences  are  very  striking 
indeed.  The  subjects  were  mostly  students  engaged  in  the  study  of 
psychology,  and  some  of  them  had  taken  rather  extensive  laboratory 
courses. 

Explanation  of  Table  III. — ^The  method  employed  in  obtaining  the 
results  incorporated  in  this  table  was  similar  to  those  used  in  Tables 
I  and  II,  save  that  the  Koenig  tuning  forks  were  used  for  giving  the 
stimuli.  Two  forks  of  1024  vs.  each  were  used,  and  by  the  use  of  a 
rider  fastened  upon  one,  the  desired  differences  in  vibration  per  second 
between  the  two  forks  could  be  secured.  Great  care  was  used  in  coimt- 
ing  the  beats  for  the  desired  difference.    Several  graduate  students  were 
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This  table  gives  results  of  tests  for  discrimination  of  pitch  upon  nineteen 
students  of  Columbia  University,  by  the  use  of  Koenig  tunmg  forks. 
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asked  to  count  them  independently,  and  then  the  average  of  the  results 
was  taken  as  the  position  for  the  rider  to  give  the  desired  difference. 
For  striking  the  forks,  a  felt  mallet  20.5  cm.  in  length  was  used.  It 
was  found  to  be  quite  difficult  to  strike  the  forks  evenly  with  this 
mallet,  but  after  a  considerable  amount  of  practice  it  was  possible  to 
give  practically  the  same  amplitude  to  the  vibration.  Whatever 
slight  deviations  may  have  occurred  were  equally  distributed  in  the 
two  positions  of  the  body  and  would  tend  to  balance  each  other.  The 
effort  was  constantly  made  also  to  strike  the  forks  in  precisely  the 
same  relative  positions  so  as  to  produce  the  same  quality  of  tone  in 
every  test.  The  forks  were  also  sounded  in  a  position  relatively  the 
same  to  the  ear,  whether  the  body  was  in  the  horizontal  or  vertical 
position.  A  Mosso's  balance  was  provided  by  the  Columbia  Labora- 
tory, upon  which  all  the  subjects  in  this  series  were  tested,  and  the 
forks  were  placed  on  a  small  table  five  feet  from  the  axle  of  the  balance, 
and  at  the  same  height  as  the  axle.  This  made  the  stimulus  at  an 
equal  distance  from,  and  in  the  same  relative  position  to,  the  ear  in 
both  positions  of  the  body.    All  the  tests  were  made  in  the  sound 
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room  in  the  Columbia  Laboratory,  which  is  practically  free  from  al! 
disturbing  stimuli. 

In  interpreting  the  results  of  this  table,  little  need  be  said.  There 
is  a  remarkable  similarity  to  the  results  of  the  preceding  table.  There 
are  only  five  subjects  who  could  discriminate  better  in  the  horizontal 
than  the  vertical  posture,  and  two  of  these,  D.  and  L.  C.  S.,  do  practi- 
cally the  same  in  both  positions.  All  others  show  a  very  marked 
tendency  to  discriminate  better  in  the  vertical  posture.  For  the  whole 
group,  discrimination  is  about  1.41  times  as  accurate  in  the  vertical 
as  the  horizontal.  Out  of  the  nineteen  subjects  tested  in  this  group 
five  were  selected  for  further  practice,  who  had  shown  the  greater 
difference  in  the  two  positions.  It  was  thought  that  if  the  great 
difference  found  was  due  to  association  and  habit,  a  definite  amount 
of  practice  would  tend  to  reduce  the  difference,  and  this  was  found 
to  be  the  case.    Table  IV  illustrates  this  point. 

TABLE  IV 

Effect  of  practice  upon  five  subjects  chosen  from  those  whose  records  are- 
given  in  Table  III. 
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The  practice  effects  shown  in  Table  IV  can  best  be  summed  up  by 
a  comparison  of  the  last  columns  in  the  two  tables.  Subject  L.  F.  F. 
increased  his  comparative  per  cent,  from  48  to  73.  Subject  F.  L.  W. 
from  58  to  67.  Subject  W.  H.  S.  from  56  to  67.  Subject  E.  L.  M. 
from  69  to  77.  Subject  B.  from  57  to  65.  It  is  evident  that  this, 
increase  in  the  comparative  per  cents,  could  be  brought  about  either 
by  improvement  in  the  horizontal  position,  by  doing  worse  in  the 
vertical  position,  or  by  doing  better  in  both  positions,  but  improving 
more  in  the  horizontal  position  than  in  the  vertical.  The  latter  seems 
to  be  the  case.  A  comparison  of  the  percentage  of  right  cases  of  these 
subjects  in  the  two  tables  reveals  the  fact  that  there  is  a  little  improve- 
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ment  in  the  vertical  position,  but  nothing  to  be  compared  with  the 
improvement  made  in  the  horizontal.  This,  of  com'se,  would  reduce 
the  differences  in  the  probable  errors. 

In  this  selected  group,  however,  after  the  practice  indicated  in  the 
table,  there  still  remains  a  difference  greater  than  shown  in  any  other 
group  tested.  The  mean  probable  error  in  the  horizontal  position 
is  about  1.48  times  as  large  as  that  in  the  vertical.  It  may  be  remarked 
that  the  writer  believes  the  practice  effects  were  carried  to  their  limits 
in  these  subjects.  The  tests  were  carried  on  till  there  seemed  to 
be  no  further  improvement  in  either  position,  though  this  limit  was 
reached  more  quickly  in  the  vertical  than  in  the  horizontal  position. 
Consequently,  there  seemed  to  be  some  conditions  other  than  habit 
and  association,  which  make  subjects  discriminate  pitch  better  in  the 
vertical  than  in  the  horizontal  posture.  This  may  be  physiological^ 
though,  as  has  been  stated,  there  is  no  good  ground  for  supposing  that 
sound  waves  would  effect  the  organ  of  hearing  any  better  in  one 
position  than  in  the  other. 

It  only  remains  to  sum  up  in  one  final  table  the  total  results  of  this 
investigation  of  the  discrimination  of  pitch. 

TABLE  V 

Average  probable  errors,  percentage  of  right  cases,  and  comparative  percent^ 
taken  from  Tables  I,  II,  and  III. 
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TACTILE  DISCRIMINATION 

Methods  and  Apparatus. — In  the  experiments  described  in  this 
chapter,  the  effort  was  made  to  find  whether  there  is  a  general  tendency 
on  the  part  of  a  group  of  subjects  to  have  finer  tactile  discrimination 
in  one  position  of  the  body  than  in  another.  The  method  here  used 
was  that  of  right  and  wrong  cases,  as  in  the  discrimination  of  pitch. 
However,  it  was  slightly  modified  in  form  to  suit  the  use  of  the  aesthes- 
iometers.  After  a  good  deal  of  preliminary  experimentation,  it  was 
found  that  practically  all  subjects  can  perceive  a  difference  of  1  mm. 
with  a  large  percentage  of  right  cases,  if  touched  upon  the  forehead  with 
two  aesthesiometers  whose  points  are  respectively  18  and  19  mm. 
That  is  to  say,  they  can  perceive  in  a  large  percentage  of  trials  that 
the  points  in  the  two  aesthesiometers  are  not  the  same  distance  apart, 
but  will  not  be  able  to  state  whether  the  distance  in  the  second  is 
greater  or  less.  This  fact  having  been  worked  out  experimentally, 
two  aesthesiometers  were  made  in  the  Columbia  Laboratory,  having 

TABLE  VI 

Results  of  tests  made  on  sixteen  students  of  Columbia  University  in  tactile 
discrimination,  by  the  use  of  aesthesiometers. 
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their  points  respectively  18  and  19  mm.  apart.  The  method  employed 
was  to  place  the  subject  on  the  Mosso  instrument  in  the  horizontal 
position,  and  touch  the  forehead  on  opposite  sides  of  the  median  line 
with  the  points  of  one  of  the  aesthesiometers,  and  then  after  an  interval 
of  two  seconds,  to  touch  the  forehead  in  approximately  the  same  place 
with  the  other.  The  subject  was  then  asked  to  state  whether  the 
points  of  the  second  were  further  apart  or  closer  together  than  the 
first.  By  this  means  a  table  similar  to  the  one  for  the  discrimination 
of  pitch  was  obtained.  There  was  one  difficulty  in  the  method  which 
seemed  quite  hard  for  subjects  to  overcome,  and  which  may  be  worth 
mentioning;  namely,  some  subjects  claimed  to  be  able  to  make  a 
judgment  of  the  distance  of  the  points  as  soon  as  the  first  stimulus 
was  given.  It  was  proven 'by  actual  trial,  however,  in  all  the  cases 
where  this  difficulty  arose,  that  the  subjects  were  not  at  all  accurate 
in  these  judgments;  nevertheless,  they  seemed  to  influence  the  results 
somewhat.  However,  whatever  constant  errors  appear  here  from 
this  cause,  are  equally  distributed  in  the  two  positions,  for  the  subject 
was  rotated  to  the  opposite  position  after  every  five  tests.  Fatigue 
entered  very  largely  in  these  tests.  For  this  reason  only  a  few  ex- 
periments could  be  made  at  one  time,  and  a  camel's  hair  brush  was 
used  to  slightly  sweep  over  the  forehead  after  each  experiment.  This 
seemed  to  dispel  the  fatigue  temporarily,  and  to  stimulate  the  tactile 
organs.  These  tests  were  not  hurried,  but  throughout  them  great 
deliberation  was  used.  While  only  two  seconds  intervened  between 
the  two  stimuli  upon  which  judgment  was  to  be  rendered,  plenty  of 
time  was  taken  between  the  two  consecutive  experiments  to  allow  all 
the  imagery  of  the  previous  test  to  disappear.  When  it  was  found 
that  the  subjects  were  confusing  the  actual  sensation  from  the  two 
points,  with  the  previous  images,  the  experimentation  was  concluded 
for  that  day. 

Interpretation  of  Results. — It  seems  quite  difficult  to  offer  any 
satisfactory  theory  for  the  results  found  in  this  table.  For  this  special 
group,  the  horizontal  position  is  decidedly  favorable  for  tactile  dis- 
crimination. Only  two  of  the  subjects  out  of  the  sixteen  can  dis- 
criminate better  in  the  vertical,  while  two  others  have  precisely  the 
same  ability  in  the  two  positions.  All  of  the  others  show  remarkable 
preference  for  the  horizontal,  ranging  in  comparative  per  cents  from 
121  to  276.  The  means  of  the  probable  errors  of  this  group  have  about 
the  same  relation  to  each  other  as  those  of  the  preceding  tables  on 
discrimination  of  pitch,  but  in  an  inverse  ratio. 

As  was  stated  previously,  a  theoretical  explanation  of  these  results 
is  somewhat  dangerous,  and  must,  of  necessity,  be  rather  arbitrary. 
The  horizontal  position  seems  favorable  to  the  free  flow  of  blood  to  all 
parts  of  the  body.    In  this  position,  too,  not  having  to  overcome  the 
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effects  of  gravity,  the  blood  would  naturally  tend  to  flow  away  from  the 
great  splanchnic  area,  and  in  its  general  distribution,  more  of  it  would 
be  supplied  to  the  skin.  It  is  even  noticeable,^  when  subjects  are 
rotated  from  the  vertical  to  the  horizontal  position,  that  the  face  colors 
slightly,  due  to  an  extra  flow  of  blood  there.  HowelP  has  shown 
that  when  a  subject  assumes  the  horizontal  position  and  closes  his 
eyes  in  the  attempt  to  go  to  sleep,  those  portions  of  the  arm  within 
a  plethysmograph  undergo  dilation.  This  dilation  increases  as  sleep 
becomes  more  profound,  showing  that  the  skin  and  external  organs 
were  gorged  with  blood  during  sleep  and  horizontality.  Whether 
this  change  in  the  circulation  of  the  blood  is  the  cause  of  sleep  or  the 
result  of  it,  is  difficult  to  say,  but  it  seems  to  be  quite  plausible  to  sup- 
pose that,  if  in  the  horizontal  posture  there  is  an  extra  flow  of  blood 
to  the  skin,  the  tactile  organs  would  be  stimulated  somewhat  and 
would  discriminate  better.  It  may  be  said,  on  the  other  hand,  that  in 
this  position  the  brain  becomes  anaemic,  and  there  would  be  no  reason 
to  suppose  that,  even  if  the  sense  organs  were  more  active,  the  central 
processes  would  be  any  more  efficient.  This  argument  might  be 
answered  in  this  way:  sleep  does  ensue  after  a  long  time  when  the 
horizontal  position  is  assumed,  and  all  sensations  are  shut  out  as 
much  as  possible,  and  anaemia  of  the  brain  does  accompany  sleep  in 
rather  a  definite  ratio  to  its  depth.  But  in  the  experiments  imder 
consideration,  the  subject  was  kept  in  the  state  of  attention  all  the 
time,  and  there  was  no  tendency  to  fall  asleep.  Besides  the  subject 
was  not  allowed  to  remain  in  the  horizontal  position  long  enou^, 
according  to  the  authorities,  to  cause  the  anaemic  condition  of  the 
brain.  On  the  other  hand,  the  blood  pressure  changes  almost  imme- 
diately upon  the  change  of  posture,  and  the  skin  is  thoroughly  stimu- 
lated with  fresh  blood.  If  it  is  true,  as  has  been  shown  in  the  chapter 
dealing  with  the  literature  of  this  subject  by  Vaschide  and  others, 
that  an  increased  flow  of  blood  to  an  organ  increases  its  sensibility, 
then  the  results  of  this  table  seem  to  have  a  sound  physiological  basis. 
We  would  expect  superior  sense  qualities  in  the  skin,  if  by  any  means 
its  blood  supply  is  increased. 

*  Manaceine,  Sleep,  Its  Physiology,  Pathology,  Hygiene,  and  Psychology,  Chap.  I. 
«  W.  H.  HoweU.  Jour  of  Exp,  Med,,  Vol.  II,  No.  3,  1897. 


CHAPTER  VI 

A  COMPARISON  OF  ADDING  ABILITY  IN  THE  HORIZONTAL  AND  VERTICAL 
POSITIONS  OF  THE  BODY 

The  experimental  study  with  which  this  chapter  deals  was  an 
attempt  to  discover  whether  there  is  any  marked  tendency  on  the  part 
of  individuals  to  carry  on  such  mental  processes  as  are  involved  in 
addition,  better  in  one  position  than  in  another.  The  method  must,  of 
course,  be  somewhat  similar  to  that  employed  in  the  previous  tests. 
Problems  of  equal  difficulty  were  given  for  solution  in  the  two  posi- 
tions of  the  body,  and  the  results  statistically  compared.  This  was  the 
method  used  in  all  three  of  the  series  represented  byTables  VII,  VIII, 
and  IX,  in  this  chapter. 

The  tests  made  upon  the  school  children  were  not  exactly  under 
laboratory  conditions,  but  the  writer  believes  were  sufficiently  so 
to  be  valid.  All  the  experiments  were  made  in  a  quiet  room,  well 
lighted,  and  free  from  distracting  stimuli.  In  place  of  the  Mosso 
instrument,  a  cot  was  used  for  the  horizontal  posture,  and  the  subjects 
were  asked  to  stand  up  for  the  tests  made  in  the  vertical  posture.  In 
every  case  the  subject's  eyes  were  in  the  same  relative  position  to  the 
light  in  the  two  positions  of  the  body,  so  that  there  was  no  chance  for 
the  figures  on  the  card  to  be  better  lighted  in  one  position  than  in 
another.  The  problems  were  theoretically  of  equal  difficulty.  Each 
problem  contained  the  same  digits  an  equal  number  of  times,  but  in 
entirely  different  combinations.  The  following  was  one  of  the  prob- 
lems used  for  the  children  in  their  tests:  1,  3,  5,  4,  2,  6,  2,  3,  5,  1,  6,  4, 
5,  2,  1,  6,  4,  3,  5,  4,  1,  6,  3,  2.  These  digits  were  arranged  in  a  vertical 
column,  to  be  added  aloud  in  every  case  from  bottom  to  top.  It  will 
be  noticed  that  each  of  the  six  digits  recur  in  this  problem  four  times, 
and  that  with  the  same  digits  used  the  same  number  of  times  a  great 
variety  of  combinations  can  be  obtained,  making  the  problems  theoret- 
ically of  equal  difficulty.  Of  course,  the  answers  to  all  the  problems 
were  the  same.  Subjects  were  told  the  character  of  the  problems  in 
the  beginning  of  the  experimentation,  and  that  the  answers  were  all 
the  same.  They  were  also  told  that  all  errors  would  be  recorded  in 
the  adding  process,  and  that  therefore  the  mere  obtaining  of  the  correct 
answer  was  a  small  matter,  if  errors  were  made  in  the  process.  Sub- 
jects were  then  made  to  add  aloud,  beginning  at  the  bottom  of  the 
column  of  figures,  which  were  placed  on  a  card  three  by  eight  inches. 
The  sub-total  for  each  digit  was  required  to  be  given,  thus  allowing  for 
only  single  combinations.  On  a  duplicate  card,  which  was  held  by 
the  experimenter,  all  the  sub-totals  were  arranged  from  the  bottom 
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upward,  so  that  all  errors  were  easily  detected.  In  this  first  series, 
the  method  of  exposure  was  rather  crude.  The  subject  was  asked  to 
close  his  eyes,  holding  the  card  in  his  hand  upon  which  was  the  prob- 
lem to  be  added.  At  a  given  signal,  he  opened  his  eyes  and  added 
as  fast  as  he  couldL  A  stop-watch  recorded  the  time  from  which  he 
named  the  first  digit  until  the  result  was  annoimced.  A  strict  record 
of  all  errors,  their  nimiber  and  size,  and  whether  positive  or  negative, 
was  kept,  and  they  are  shown  in  the  accompanying  tables. 

An  explanation  of  certain  parts  of  Table  VII  is  necessary.  Under 
the  column  "time,"  will  be  found  the  mean  for  each  subject  to  add 
the  number  of  problems  opposite  his  name,  and  also  the  variation 
from  this  mean.  Under  "Errors"  are  recorded  the  number  and  size 
of  all  errors,  and  whether  they  are  positive  or  negative.  For  example, 
after  M.  A.'s  name  it  will  be  observed  that  in  the  24  problems  which 
he  added,  he  made  7  positive  errors,  and  2  negative  of  one  point  each. 
He  also  made  4  positive  errors  of  two  points  each,  and  1  positive  error 
of  three  points.  In  addition  to  these,  he  made  one  positive  error  of  ten 
points. 

The  result  of  this  series  of  tests  is  readily  seen  from  the  mean  times 
of  adding  all  the  problems  in  the  two  positions,  and  from  the  total 
errors  in  each  position.  The  mean  time  for  the  horizontal  position 
is  31.5  seconds,  while  it  is  32.7  for  the  vertical  position.  There  was  a 
total  of  61  errors  made  in  the  horizontal  position,  and  a  total  of  78 
made  in  the  vertical.  This  shows  a  slight  advantage  for  the  horizontal 
position.  As  is  to  be  expected,  these  differences  are  rather  close;  but 
it  is  believed  by  the  writer  that  the  test  is  sufficiently  fine  to  bring  out 
any  real  differences  that  are  to  be  found  in  the  adding  process  in  the 
two  positions  of  the  body.  Undoubtedly,  the  table  does  show  a  decided 
advantage  for  the  horizontal  position,  which  will  be  further  shown  in 
the  two  following  tables. 

The  results  of  Table  VIII  do  not  seem  to  vary  much  from  those 
found  in  Table  VII.  The  mean  time  of  adding  all  the  problems  in  the 
horizontal  position  is  39.4  seconds,  and  for  the  vertical  is  40.5.  The 
number  of  errors  is  60  in  the  horizontal,  and  70  in  the  vertical.  Here 
again  is  a  decided  advantage  in  favor  of  the  horizontal  position  for 
the  adding  process. 

It  should  be  stated  that  with  the  above  subjects  the  Mosso  balance 
was  used  for  rotating  the  subject  from  one  position  to  another,  and 
that  the  problems  were  harder,  because  of  the  fact  that  the  digits  4, 
5,  6,  7,  8,  9  were  used  in  various  combinations  for  forming  the  prob- 
lems instead  of  1,  2,  3,  4,  5,  and  6.  This  accounts  for  the  fact,  which 
appears  in  the  table,  that  the  adults  in  the  table  added  more  slowly 
than  the  children  represented  in  Table  VII.  The  children  probably 
would  have  added  the  latter  series  much  more  slowly,  but  the  ratio 
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between  the  results  of  the  two  positions  of  the  body  as  represented 
in  the  two  tables  is  not  very  different. 

All  the  tests,  the  results  of  which  are  found  in  Table  IX,  were 
made  in  the  Columbia  Laboratory,  and  the  subjects  were  mostly  psycho- 
logical students,  though  some  were  used  from  other  departments  in 
the  University.  The  tests  were  made  in  a  dark  room  so  that  the 
quantity  of  light  could  be  regulated  in  the  two  positions  of  the  body. 
A  sixteen  candle  power  incandescent  light  was  attached  to  the  head 
of  the  Mosso  instrument,  which  rotated  with  it,  and  thus  furnished 
the  subject  with  the  same  quantity  of  light  in  both  positions.  At  a 
given  signal  this  light  was  turned  on,  and  the  subject  began  to  add 
as  rapidly  as  he  could.  The  stop-watch  was  started  at  the  pronouncing 
of  the  first  digit,  and  stopped  when  the  result  was  announced.  It 
was  found,  however,  fully  as  satisfactory  to  have  the  subject  close 
his  eyes  till  the  signal  was  given,  and  this  method  was  largely  used. 
In  every  case,  the  actual  adding  process  was  timed,  and  the  averages 
taken  for  the  total  number  of  problems. 

In  this  series  of  tests,  only  two  subjects  did  better  in  the  vertical 
posture,  while  the  ratio  between  the  means  of  all  fourteen  subjects  in 
the  two  positions  coincides  very  closely  with  the  results  of  the  pre- 
vious tables.  The  horizontal  mean  time  is  26.3  and  the  vertical  is 
27.5.  The  total  number  of  errors  in  the  horizontal  position  is  49,  and 
in  the  vertical  71. 

Some  comment  upon  certain  phenomena  which  manifested  them- 
selves during  these  adding  tests  seems  necessary.  Most  of  the  subjects 
used  were  quite  susceptible  to  fatigue  in  these  tests,  so  it  was  deemed 
advisable  when  testing  the  Columbia  students,  to  alternate  the  adding 
test  with  the  tapping  test,  which  will  be  explained  in  Chapter  IX. 
By  this  means,  the  attention  was  not  held  directly  upon  the  adding 
test  longer  than  the  adding  of  two  problems,  and  then  the  subject  was 
rotated  to  the  opposite  position  and  started  off  with  the  tapping  test. 

By  this  alternation,  it  is  thought  that  very  little  adding  fatigue 
appeared,  and  what  did  was  equally  distributed  in  the  two  positions 
of  the  body.  In  any  particular  subject,  it  was  noticed  that  the 
speed  of  adding  was  materially  lessened  as  experimentation  went  on. 
The  practise  effect  from  day  to  day  on  some  of  the  subjects  was 
quite  marked,  some  improving  in  rapidity  during  the  series  as  much  as 
thirty  per  cent.  A  few  did  not  improve  at  all,  and  some  did  worse  at  the 
close  of  the  series.  One  feature  in  the  experiments  was  quite  noticeable 
with  two  of  my  subjects.  They  would  apparently  become  confused 
toward  the  close  of  the  column  and  make  a  sudden  stop,  having  for- 
gotten the  sub-total  and  not  being  able  to  proceed.  This  did  not 
seem  to  be  due  to  fatigue,  for  their  records  after  such  experiences  were 
as  good  or  better  than  beioi^.    It  ^p^&red  to  be  related  to  stagie 
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fright,  and  was  a  temporary  loss  of  memory.  Another  interesting 
fact  appeared  with  reference  to  the  relative  time  to  solve  problems 
when  errors  were  made  and  when  not.  It  was  found  that  in  the  prob- 
lems in  which  the  greatest  speed  was  attained  no  errors  were  made, 
but  errors  usually  appear  more  frequently  when  the  subject  was  adding 
slower  than  his  usual  rate.  The  table  reveals  another  very  remarkable 
thing  in  regard  to  the  character  of  the  errors.  Out  of  a  total  of  389 
errors,  355  are  positive,  and  only  34  are  negative.  The  writer  can- 
not account  for  this  tendency  in  nearly  all  adders  to  overestimate 
rather  than  to  underestimate.  That  it  is  a  rather  imiversal  tendency 
among  all  the  subjects  tested  is  shown  clearly  by  a  mere  glance  at 
either  of  the  three  tables.  It  will  be  noticed  that  the  errors  are  mostly 
one  point  and  two,  with  a  good  scattering  of  tens.  However,  the 
making  of  an  error  of  ten  in  the  adding  process  is  really  the  equivalent 
of  an  error  of  one.  It  is  merely  a  memory  lapse  in  passing  from  one 
number  in  ten's  order  to  another  above.  It  must  be  said  that  any 
method  of  treatment  of  the  valuation  of  errors  in  such  tests  is  arbitrary, 
and  in  the  present  discussion  entirely  useless. 

The  method  of  adding  aloud  was  very  troublesome  to  some  subjects, 
but  was  the  only  means  of  making  complete  records  of  all  the  errors. 
It  should  be  said  also  that  no  subject  was  allowed  to  make  combina- 
tions of  numbers  above  the  sub-total  in  mind  and  the  nimiber  inmie- 
diately  above.  Every  sub-total  had  to  be  spoken  aloud,  so  that  in 
case  an  error  had  been  made,  it  could  be  recorded. 

Summing  up  the  total  results  for  the  three  tables  previously  given, 
we  find  that  the  mean  time  for  all  problems  solved  in  the  horizontal 
position  is  30.6  seconds,  and  for  the  vertical  position  it  is  31.7.  The 
total  number  of  errors  in  the  horizontal  is  170,  and  for  the  vertical  219. 
These  figures  measure  accurately  the  subjects  tested  upon  their  ability 
to  carry  on  the  adding  process  in  these  two  positions  of  the  body, 
and  indicate  a  marked  preference  for  the  horizontal  position. 

Any  explanation  of  this  fact  will  be  pure  theory.  It  seems,  how- 
ever, from  the  considerations  in  Chapter  II  on  blood  pressure,  and 
cerebral  circulation,  that  there  is  a  somewhat  more  favorable  oppor- 
tunity in  the  horizontal  posture  for  a  free  circulation  of  the  blood 
through  the  brain,  and  consequently  for  the  stimulation  of  the  centers 
involved  in  the  adding  processes.  This,  together  with  the  fact  that 
all  muscular  tension  is  relaxed,  the  body  is  perfectly  at  rest,  and  the 
effects  of  gravity  are  not  operating  upon  the  blood  vessels  of  the 
splanchnic  area,  thus  allowing  a  freer  distribution  of  blood  to  all  parts 
of  the  body,  seems  to  offer  the  only  explanation  possible.  Certainly 
such  a  condition  would  not  be  favorable  to  muscular  activity,  as  will 
be  shown  in  another  chapter,  but  there  are  some  reasons  why  it  should 
be  considered  favorable  for  the  deeper  mental  processes. 


CHAPTER  VII 


A  COMPARISON   OF   PULSE  RATE,  BLOOD  PRESSURE,  AND  VISUAL  MEMOBT 
IN  THE  HORIZONTAL  AND  VERTICAL  POSITIONS  OP  THE  BODY 

The  solution  of  two  separate  problems  is  undertaken  in  this  chapter. 
First,  a  comparison  of  the  three  tests — blood  pressure,  heart-beat,  and 
visual  memory — is  made  for  the  two  positions  of  the  body,  somewhat  in 
the  manner  of  the  previous  tests.  Second,  the  effort  is  made  to  corre- 
late the  mental  tests  with  physical  conditions.  The  latter  was  deter- 
mined by  the  method  employed  by  Dr.  Crampton,  Assistant  Superin- 
tendent of  Physical  Training  in  the  New  York  City  schools,  and  con- 
sists in  a  grading  of  the  subjects  as  A,  B,  C,  D,  E,  F,  G,  H,  and  I,  ac- 
cording to  the  relative  blood  pressure  and  heart-beat  in  the  two  posi- 
tions of  the  body.    Thus  as  he  states: 

'*The  total  change  of  blood  pressure  in  those  who  may  be  con- 
sidered in  health  is  from  plus  10  mm.  to  minus  10  mm.  Hg.  That  of 
pulse  rate  is  from  plus  5  to  plus  35."  Dr.  Crampton  then  states  that 
it  is  possible  to  divide  the  whole  range  of  individuals  into  fifths,  and 
he  constructs  a  tentative  table  in  which  the  letters  constitute  the 
index  to  the  splanchnic  efficiency  as  follows: 


Blood  pressure  increase 

+  IO 

+  5 

o 

—5    - 

— lO 

r  5 

A 

B 

C 

D 

E 

12 

B 

C 

D 

E 

F 

Increase  in  heart  rate 

■     20 

C 

D 

E 

F 

G 

28 

D 

E 

F 

G 

H 

I  35 

E 

F 

G 

H 

I 

The  above  grades  then  constitute  a  sort  of  index  to  the  splanchnic 
efficiency  of  the  individual,  and  it  is  believed  give  a  valid  gradation  of 
individuals  with  reference  to  their  physical  condition. 

At  any  rate  I  have  accepted  the  results  obtained  by  Dr.  Crampton 
as  valid,  and  have  performed  the  tests  for  blood  pressure  and  heart- 
beat according  to  his  directions.  All  my  subjects  who  were  tested 
for  visual  memory  were  at  the  same  time  tested  as  to  heart-beat  and 
blood  pi*essure,  the  experiments  alternating  in  the  following  order: 
First,  heart-beat;  second,  blood  pressure;   and  third,  visual  memory. 

The  method  of  taking  this  extended  series  of  tests  should  be  ex- 
plained in  detail.  All  of  the  tests  were  made  in  one  of  the  sound  rooms 
in  the  Columbia  University  Laboratory,  which  is  also  a  dark  room. 
Here  it  was  possible  to  regulate  the  light,  as  in  the  previous  tests,  by 
attaching  an  incandescent  lamp  of  sixteen  candle  power,  directly  to 
the  head  of  the  Mosso  instrument,  and  in  a  favorable  position  to  shade 
the  eyes  and  yet  shine  directly  upon  the  card-holder  placed  in  the 
proper  position  in  front  of  the  eyes.    The  cards  upon  which  were  the 
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digits  to  be  visually  remembered  were  equally  illuminated,  and  in 
the  same  relative  position  to  the  eyes  in  both  positions  of  the  body. 
The  order  in  which  the  experiments  were  made  was  as  follows:  The 
subject  was  first  placed  on  the  balance  in  the  horizontal  position,  and 
after  having  remained  there  for  about  two  minutes,  so  that  the  circu- 
latory organs  were  completely  adjusted  to  this  position,  the  pulse- 
was  counted,  the  full  number  per  minute.  The  systolic  blood  pressure: 
was  then  taken;  the  instrument  used  for  this  purpose  was  the 
Riva-Rocci  sphygmomanometer.  Care  was  taken  to  take  these 
measurements  in  the  manner  prescribed  by  Dr.  Crampton  in  his  tests 
upon  the  school  athletes  of  the  New  York  City  schools.  It  is  thus 
possible  to  grade  the  subjects  i)hysically  as  he  did,  and  to  compare 
their  physical  condition  with  mental  ability.  After  these  two  physical 
tests  were  made  and  recorded,  the  visual  memory  test  followed.  For 
this  experiment,  cards  two  and  a  half  inches  by  seven  inches  were 
prepared,  upon  which  eleven  digits  were  placed  in  rather  large  figures, 
lengthwise  of  the  card.  The  following  is  an  example  of  one  of  the 
series  of  digits  to  be  learned  visually:  7,  1,3,  5,  9,  6,  2,  8,  4,  1,  3.  The 
card  was  then  placed  in  the  card-holder  directly  in  the  field  of  vision 
of  the  subject,  and  at  a  given  signal  was  exposed  to  view  for  four 
seconds.  He  was  asked  to  learn  them  visually  from  left  to  right,  if 
not  all,  as  many  as  he  could  in  the  four  seconds.  Subjects  were  cau- 
tioned not  to  use  lips,  tongue,  palate,  or  even  muscular  imagery  of  the 
digits  to  be  learned,  and  at  end  of  four  seconds  the  exposure  ceased, 
and  he  was  asked  immediately  to  rej)eat  the  digits  in  the  order  learned 
from  right  to  left.  A  record  was  kept  of  those  digits  correctly  given. 
After  a  few  seconds,  the  card  was  exposed  a  second  time  and  the  sub- 
ject asked  to  renew  his  efforts  to  learn  the  series.  This  was  continued 
until  the  digits  were  correctly  given.  By  this  means  it  was  possible 
to  keep  an  accurate  record  of  all  errors  made  by  each  subject,  as  well 
as  the  number  of  trials  to  learn  the  series.  Both  of  these  facts  are 
taken  into  consideration  in  determining  the  mental  efficiency  in  visual 
memory  on  any  subject.  Then,  before  the  subject  was  elevated  to  the 
vertical  position,  the  heart-beat  and  blood  pressure  were  again  taken, 
so  that  by  the  greater  number  of  tests,  an  average  would  be  reached 
which  would  include  all  variations  due  to  change  in  physical  condition 
or  any  other  causes. 

In  Table  X  are  embodied  the  results  of  the  long  series  of  tests 
previously  described.  In  visual  memory,  it  includes  630  tests  made 
upon  27  subjects,  and  for  blood  pressure  and  pulse  beat,  the  number 
of  tests  is  doubled,  for  the  reason  that  these  both  preceded  and  suc- 
ceeded each  visual  memory  test.  In  order  that  the  table  may  be  per- 
fectly  clear,  some  explanation  may  be  necessary.  Take,  for  example, 
subject  "H,"  the  first  one  in  the  list.     Under  the  colunm,  "pulse  rate,'^ 
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the  mean  for  twenty  tests  in  the  horizontal  position  was  65,  with  a 
variation  of  3.  Under  the  column,  "blood  pressure,"  the  mean  for 
twenty  tests  in  the  horizontal  position  was  112.2,  and  the  mean  varia- 
tion 2.4.  Under  "visual  memory,"  by  the  use  of  ten  separate  cards, 
the  mean  number  of  trials  to  learn  the  series  of  eleven  digits  on  each 
card  was  5.3,  making  a  total  of  340  errors.  In  the  vertical  position, 
similar  colunms  will  be  observed,  having  the  same  significance  as  those 
in  the  horizontal  position.  We  are  only  concerned  in  a  comparison 
of  the  results  in  the  two  positions. 

It  will  be  conceded,  I  think,  that  the  visual  memory  tests,  taking 
into  consideration  their  nimiber  for  each  individual  subject,  and  that 
€very  error  was  recorded,  and  that  the  table  indicates  the  average 
number  of  trials  to  learn  the  series  visually,  furnish  a  reliable  test  of  the 
ability  of  the  subjects  in  visual  memory.  Either  the  total  nimiber  of 
€rrors  or  the  mean  trials  for  each  subject  make  a  sufficiently  fine 
test  to  enable  us  to  determine  with  precision  the  relative  ability  of 
these  subjects.  As  will  be  seen  later,  upon  the  basis  of  these  results, 
it  is  possible  to  divide  the  subjects  into  groups,  somewhat  after  the 
fashion  that  Dr.  Crampton  divided  his  subjects  for  physical  condition. 
The  actual  method  of  doing  this  was  to  arrange  the  records  for  visual 
memory,  found  in  Table  X,  in  a  series  beginning  with  the  lowest  and 
€nding  with  the  highest.  By  dividing  the  difference  between  the 
highest  and  the  lowest  of  these  records  into  nine  equal  parts  we  secure 
a  gradation  of  subjects  for  visual  memory  which  corresponds  to  the 
gradation  by  Dr.  Crampton  for  physical  condition,  as  A,  B,  C,  D,  E, 
F,  G,  H,  and  I.  When  this  is  done  it  is  then  only  necessary  to  divide 
them  into  groups  as  to  physical  condition  in  precisely  the  same  number 
that  he  did,  in  order  to  correlate  the  two  groups  and  see  how  far  one 
is  coincident  with  the  other.  While  this  correlation  of  mental  and 
physical  tests  is  not  directly  involved  in  my  problem,  it  is  an  interesting 
side  light  upon  a  problem  which  has  been  attacked  by  several  writers 
and  may  suggest  a  fruitful  method  for  further  research.  The  usual 
method  which  has  been  employed  has  been  to  compare  the  grades 
obtained  by  college  or  university  students  in  their  academic  work 
with  the  grades  or  standing  in  the  department  of  physical  training. 
One  serious  objection  to  the  validity  of  such  comparison  is  that  the 
grades  thus  compared  are  upon  as  many  different  standards  as  there 
are  different  departments  and  professors.  It  has  been  proven*  that 
there  is  very  little  validity  in  grades  of  any  sort  imless  a  probable 
^rror  is  assigned,  and  this  would  be  much  more  so  when  a  large  number 
of  grades  are  compared  which  have  not  been  standardized.  The 
method  herein  employed  has  the  advantage  of  correlating  mental  and 
physical  tests  taken  at  the  same  time  and  under  the  same  extremely 

*  Cattell,  "Examinations,  Grades  and  Credits,"  Pop.  Set.  Man.,  Feb.,  1905. 
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careful  laboratory  conditions.  All  tests  were  made  by  the  same  ex- 
perimenter, and  the  individuals  are  arranged  serially  into  groups  in 
precisely  the  same  manner  for  the  mental  as  for  the  physical  tests. 
Thus  as  nearly  as  possible,  the  two  groups  are  standardized,  being 
arranged  in  both  series  according  to  the  probability  curve,  which  is 
valid  for  most  mental  and  physical  characteristics. 

TABLE  XI 

Correlation  of  visual  memory  with  physical  condition,  by  method  of  unlike 
signs. 

A=i;  B  =  2;  C=3;  D=4;  E=5  ;  F=6;  G  =  7;  H=8. 


Rank 

Visual  memory 
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Physical  condition 
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2 
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2 
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H 
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F 
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H 

8  + 

E 
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In  Table  XI  the  two  columns,  "physical  rank"  and  "memory 
rank/'  should  be  noted.  After  arranging  the  twenty-seven  subjects 
tested  into  eight  groups,  distinctly  marked  from  each  other  by  the 
results  of  the  tests  for  physical  condition  and  visual  memory,  it  was 
desired  to  find  how  far  the  individuals  found  in  the  several  groups 
for  physical  condition  were  also  found  in  the  corresponding  groups  for 
visual  memory.  In  other  words,  the  problem  was  to  determine  the 
correlation  between  the  physical  rank  and  visual  memory  of  the  twenty- 
seven  subjects  tested  in  the  two  series.  The  method  employed  was 
that  known  as  the  "method  of  unlike  signs."  By  reference  to  Table 
XI  it  will  be  obser\'ed  that  six  of  the  subjects  tested  in  visual  memory 
are  ranked  as  "B,"  seven  are  ranked  as  "C,"  six  as  "D,"  three  as 
"E,"  one  as  "F,"  two  as  "G,"  and  two  as  "H."    The  median  of  this 
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series  of  numbers  is  found  to  be  3.87.  In  the  column  just  opposite  that 
of  visual  memory  is  found  the  rank  of  the  corresponding  individuals 
for  physical  condition.  The  median  of  this  series  of  numbers  is  3.39. 
The  signs  are  affixed  to  each  rank  in  both  columns,  negative  when 
below  the  median,  and  positive  when  above.  Ck)mparing  the  signs  in 
the  two  series,  seven  are  unlike  or  25.9  per  cent,  of  the  whole  have 
imlike  signs.  Substituting  in  the  formula  r = cos  tt  U,  in  which  r  is  the 
coefficient  of  correlation,  and  U  the  per  cent  of  unlike  signs,^  we  get 
r=70.7  per  cent. 

From  Table  X  the  results  of  this  extended  series  of  tests  are  easily 
summed  up.  It  will  be  observed  that  the  mean  for  the  heart-beat  of 
all  subjects  tested  is  71.5  for  the  horizontal  position,  and  81.5  for  the 
vertical  posture.  Only  one  subject  in  this  group,  namely,  "D,"  has  a 
higher  rate  of  pulse  in  the  horizontal  than  in  the  vertical  position. 
Thus  the  whole  series  of  tests  as  well  as  those  of  the  succeeding  chapter 
show  clearly  that  there  is  a  tendency  to  an  increase  of  heart-beat 
when  the  body  is  elevated  from  the  horizontal  to  the  vertical  posture. 
The  same  general  tendency  holds  also  for  blood  pressure,  though  here 
we  find  one-third  of  the  subjects  having  a  higher  pressure  in  the  hori- 
zontal than  in  th'e  vertical  position.  This  is  an  indication,  as  has 
already  been  shown  in  Chapter  II,  that  in  these  subjects  the  vaso-motor 
mechanism  is  not  adequate  to  the  physical  adaptation  necessary  to 
counteract  the  effect  of  gravity  in  the  vertical  posture.  According 
to  Dr.  Crampton,  these  subjects  must  be  regarded  as  in  bad  physical 
condition.  From  the  percentage  of  correlation  already  foimd,  it  is 
seen  that  they  are  also  in  poor  mental  condition;  at  least  they  are  not 
efficient  in  the  mental  tests  herein  recorded.  The  mean  blood  pressure 
of  all  subjects  tested  for  the  horizontal  posture  is  118.1,  and  for  the 
vertical  it  is  121.8.  It  must  be  said  that  this  slight  difference  in  the 
two  positions  is  due  to  the  large  number  of  those  who  may  be  said  to 
be  abnormal  in  the  vaso-motor  mechanism. 

In  regard  to  the  memory  tests,  my  subjects  do  decidedly  better 
in  the  horizontal  position.  Only  six  out  of  twenty-seven  do  better 
in  the  vertical  position,  and  four  of  these  do  practically  the  same  in 
the  two  positions.  The  mean  trials  to  learn  the  series  in  the  horizontal 
posture  for  all  subjects  of  this  series  is  5.2  and  in  the  vertical  it  is  5.8. 
The  mean  errors  made  in  the  horizontal  posture  is  199  and  in  the  ver- 
tical it  is  236.  Taking  into  consideration  these  two  sets  of  averages, 
there  is  no  doubt  that  for  these  subjects  the  horizontal  position  is 
preferable  for  visual  memory. 

*  For  a  table  giving  the  values  of  r  corresponding  to  each  value  of  U,  the 
writer  is  indebted  to  Professor  Thomdike. 


CHAPTER  VIII 

A  COMPARISON  OP  PULSE  RATE,  BLOOD  PRESSURE,  AND  AUDITORY  MEM- 
ORY IN  THE  HORIZONTAL  AND  VERTICAL  POSITIONS  OF  THE  BODY 

Immediately  upon  the  completion  of  the  extended  series  of  tests 
recorded  in  the  previous  chapter,  the  writer  began  a  sunilar  series  on 
auditory  memory.  These  experiments  were  made  in  the  Columbia 
Laboratory,  and  under  the  same  conditions  as  the  preceding.  All 
were  made  in  one  of  the  sound  rooms,  which  is  also  a  dark  room.  The 
conditions  for  testing  auditory  memory  were  thus  most  favorable,  all 
other  stimuli  being  eliminated  as  nearly  as  possible.  As  in  the  pre- 
ceding chapter,  the  effort  is  made  to  find  the  correlation  between 
physical  condition  and  auditory  memory.  The  pulse  rate  and 
blood  pressure  are  taken  both  before  and  after  each  auditory  memory 
test,  in  both  positions  of  the  body,  so  as  to  insure  large  enough  an 
average  to  eliminate  any  physiological  variations  that  might  occur. 
The  method  is  thus  seen  to  be  practically  the  same  as  in  the  preceding 
chapter,  though  a  word  needs  to  be  said  concerning  the  method  of 
taking  the  auditory  tests. 

The  subject  was  placed  upon  the  Mosso  instrument  in  the  horizontal 
position,  and  after  the  heart-beat  and  blood  pressure  were  taken,  a 
series  of  eleven  digits  were  read  slowly  to  the  subject.  As  soon  as  the 
reading  had  finished,  he  was  asked  to  repeat  the  series  aloud,  beginning 
at  the  first  and  proceeding  as  far  as  he  could.  The  experimenter  was 
supplied  with  a  sheet  of  paper,  having  written  at  the  top  the  series 
read,  and  as  the  subject  repeated  the  digits  all  errors  were  carefully 
recorded.  This  was  not  a  difficult  matter,  for  when  an  error  was 
made,  having  the  series  directly  above,  the  experimenter  could  quickly 
check  off  the  digit  wrongly  repeated.  Eleven  digits  were  chosen  as 
about  the  right  length  of  series,  because  it  was  thought  that  no  subject 
could  learn  them  auditorily  in  one  reading.  This  was  foimd  to  be  the 
case,  though  the  subject  S.'"  did  learn  one  or  two  of  the  series  in  one 
reading.  No  other  subject  was  able  to  learn  them  in  less  than  three 
readings.  Taking  into  consideration  the  number  of  times  for  each 
subject  to  learn  the  series,  and  the  number  of  errors  made,  the  test 
becomes  extremely  fine,  and  leaves  no  doubt  as  to  the  validity  of  the 
results  in  determining  the  auditory  memory  powers  of  the  subjects 
tested. 

It  should  be  remarked  that  all  subjects  were  cautioned  against 
learning  the  series  in  any  other  manner  than  auditorily.  They  were 
asked  to  inhibit  all  lip  movements,  movements  of  the  larjmx  or  tongue, 
and  were  asked  to  refrain  from  any  visualizing  of  the  digits  after  hearing 
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them,  so  as  to  aid  the  memory.  Of  course,  it  must  be  conceded  that 
this  is  totally  impossible  with  some  subjects,  and  it  is  entirely  probable 
that  no  one  remembers  in  a  purely  auditory  manner.  The  auditory 
impression  is,  for  most  individuals,  mixed  with  visual  imagery,  as  well 
as  muscular  and  tactual.  Still  the  writer  believes  that  the  test  is  valid 
for  auditory  memory,  so-called. 

It  should  also  be  remarked  that  the  fifteen  subjects  used  in  this 
series  were  trained  subjects,  having  had  the  experience  of  the  preceding 
tests.  Thus  we  have  here  a  very  convenient  means  of  making  com- 
parison of  visual  with  auditory  memor>'.  While  this  is  not  directly 
bearing  upon  my  problem,  it  is  worth  while  to  call  attention  to  the 
individual  differences  which  these  fifteen  subjects  exhibit.  For  ex- 
ample. Subject  "B"  learns  the  eleven  digits  visually,  in  the  horizontal 
position,  in  3.2  mean  trials,  while  in  the  same  position,  it  takes  him  7.9 
mean  trials  to  learn  the  similar  series  auditorily.  In  like  manner  sub- 
jects "L,"  "K,"  "A,"  and  "N"  exhibit  rather  remarkable  indi- 
vidual differences. 

In  both  series  of  memory  tests,  four  different  classes  of  errors  ap- 
peared. First,  the  substitution  of  one  digit  for  another;  second,  the 
omission  of  a  digit;  third,  a  digit  inserted;  fourth,  digits  placed  in 
their  reversed  order.  Any  method  of  valuation  of  errors  yet  devised 
seems  quite  arbitrary ;  therefore,  in  estimating  the  number  of  errors 
in  any  series  of  experiments  as  recorded  in  either  Table  X  or  Table  XII, 
the  writer  makes  no  discrimination  as  to  the  character  of  the  error. 
In  other  words,  each  error  made,  of  whatever  character,  counts  one. 
The  number  in  the  table  thus  shows  the  total  number  of  errors  in 
learning  the  different  series. 

It  may  be  said  that  the  results  of  the  tests  in  auditory  memory,  as 
shown  in  Table  XII,  are  the  reverse  of  what  was  expected,  after  having 
found  that  the  vertical  position  is  slightly  favorable  to  discrimination 
of  pitch.  However,  Table  XII  shows  that  the  horizontal  position  is 
favorable  for  auditory  memory,  as  it  is  also  for  visual  memory.  The 
average  number  of  errors  per  individual  in  the  horizontal  position  is 
227,  with  a  M.V.  of  64.  In  the  vertical  position,  the  average  number 
of  errors  per  individual  is  250,  with  a  M. V.  of  64.  The  average  number 
of  trials  given  each  individual  to  leam  the  series  in  the  horizontal 
position  is  6.3.  with  a  M.V.  of  1.3,  while  in  the  vertical  position  each 
individual  has  on  an  average  7.3  trials  to  leam  the  series,  with  a  M.V. 
of  1.4.  It,  therefore,  seems  evident  both  from  the  standpoint  of  the 
nimiber  of  errors  made  by  each  subject,  and  from  the  rapidity  with 
which  the  associations  are  remembered,  that  the  horizontal  posture  is 
favorable  to  auditory  memory,  with  the  subjects  tested  in  this  series. 

The  validity  of  the  blood  pressure  and  heart-beat  records  is  amply 
shown  by  a  comparison  of  Tables  X  and  XII.    It  will  be  noticed  that 
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in  the  extended  series  of  experiments  each  subject  tested  shows  very 
little  variation.  This  is  due  to  the  fact  that  such  a  large  number  of 
records  were  taken  for  each  individual,  and  the  mean  actually  shows 
these  two  physiological  phenomena  for  each  individual  tested.  It  is 
impossible  to  determine  normal  heart-beat  or  blood  pressure  of  an 
individual  by  a  few  tests,  because  slight  external  influences,  which  the 
experimenter  may  not  be  able  to  control,  are  sure  to  make  consider- 
able variations  in  both,  making  it  necessary  to  obtain  a  large  number 
of  results  from  tests  imder  varjdng  conditions. 

By  arranging  these  fifteen  subjects  into  two  series,  one  for  physical 
condition,  and  the  other  for  efficiency  in  auditory  memory,  the  correla- 
tion was  found  by  the  same  method  as  in  the  preceding  chapter,  with 
r  equal  to  68.2.  This  result  makes  it  quite  certain  that  for  the  subjects 
tested  in  visual  and  auditory  memory,  there  is  a  decided  correlation 
between  their  mental  efficiency  in  these  two  lines  and  their  physical 
condition,  based  upon  a  comparison  of  heart-beat  and  blood  pressure 
in  the  two  positions  of  the  body. 


CHAPTER  IX 

A  COMPABISON  OP  TAPPING  RAPIDITY  IN  THE  HORIZONTAL  AND  VBBTICAI* 
POSITIONS  OF  THE  BODY 

It  was  said  in  the  preceding  chapter  that  the  adding  tests  were 
alternated  with  the  tapping  tests.  This  was  done  in  connection  with 
the  experiments  conducted  in  the  Columbia  Laboratory  only.  It 
was  thought  by  this  method  that  fatigue  for  both  sets  of  tests  was  some- 
what avoided.  The  tapping  tests  were  conducted  in  the  following 
maimer:  A  small  brass  pencil  was  held  in  the  fingers  in  a  convenient 
position  for  tapping  upon  another  piece  of  sheet  brass  which  was. 
clamped  to  the  Mosso  instrument,  in  such  a  position  that  when  the 
arm  was  straightened  out  along  the  balance,  the  tapper  came  directly 
over  the  piece  of  sheet  brass.  A  record  of  the  taps  was  kept  by  an 
electric  tabulator,  made  by  Stoelting,  of  Chicago,  and  the  subject 
was  timed  with  a  stop-watch  for  one  himdred  taps.  Of  course,  when 
the  subject  was  rotated  from  one  position  to  another,  the  hand  re- 
mained in  the  same  relative  position  to  the  balance  and  to  the  piece 
of  sheet  brass  upon  which  the  taps  were  made.  There  is,  of  necessity^ 
a  slight  difference  in  the  physical  conditions,  for  in  the  horizontal 
position  the  weight  of  the  hand  has  to  be  lifted  in  making  every  tap, 
while  in  the  vertical  posture  the  hand  has  only  to  make  a  swinging 
movement  similar  to  that  of  a  pendulum.  We  would  naturally  ex- 
pect this  to  make  some  difference  in  the  rapidity  with  which  the  move- 
ments could  be  made. 

Reference  to  Table  XIII  will  show  the  comparative  rapidity  of  this 
reaction  in  the  two  positions  of  the  body.  All  but  two  of  the  subjects 
tested  did  better  in  the  vertical  posture,  and  one  of  these.  Miss  F., 
does  practically  the  same  in  the  two  positions,  but  has  a  greater  M.V. 
in  the  horizontal.  However,  taking  into  consideration  the  regularity 
of  her  speed  in  the  vertical  position,  she  really  did  better  in  the  latter. 
A  comparison  of  the  means  in  the  two  positions  for  all  subjects  tested 
shows  that  the  vertical  posture  is  slightly  favorable,  there  being  an 
advantage  of  about  four  taps  per  himdred  for  this  position. 

It  is  worthy  of  note  in  connection  with  this  series  of  tests  that  the 
subjects  showed  great  individual  differences  in  the  manner  of  inner- 
vating the  necessary  muscles  for  producing  the  movement.  They 
were  asked  to  keep  the  body  perfectly  still  while  making  the  tapping 
movement  and  cautioned  against  the  use  of  more  muscles  in  the 
execution  than  absolutely  necessary.  Nevertheless,  in  at  least  eight 
of  the  subjects,  there  were  marked  movements  in  other  parts  of  the 
body,  particularly  in  the  opposite  arm  and  leg,  and  even  in  the  muscles 
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Comparison  of  taps  made  in  the  horizontal  and  vertical  positions  of  the  body. 
Number  recorded  by  an  electric  tabulator. 


HorisonUl 

Vertical 

1            Time 

Time 

Subject 

Number  of 

Number  of 
tesu 

ComparatlTC 
per  cents 

lesU 

Mean 

M.V. 

Mean     j   M.V. 

F. 

24               12.4 

•5 

24 

12.4 

•7 

100% 

M. 

20 

12.7 

•4 

20 

12.3 

6 

97% 

P. 

30 

13.05 

.8 

30 

12. 1 

I 

2 

93% 

W.H.S. 

24 

II. 7 

9 

24 

II. 0 

8 

94% 

D. 

20 

II. 9 

1-4 

20 

II. 7 

3 

9^S 

F. 

24 

14.3 

1.2 

24 

13.1 

9 

9«% 

MissF. 

12 

16.6 

2.1 

12 

16.7 

I 

4 

100.6% 

W 

24 

17.0 

1.8 

24 

15.2 

7 

»9% 

S. 

20 

135 

•9 

20 

12.7 

8 

94% 

C. 

24 

15  05 

.17 

24 

144 

4 

95% 

Miss  T. 

12 

18.4 

•5 

12 

17-9 

6 

97% 

H. 

18 

12.9 

•4 

18 

12.2 

5 

94% 

MissB. 

20 

14.8 

.2 

20 

14.4 

6 

97% 

MissS. 

18 

14.2 

.2 

18 

14  4 

3 

101% 

M. 

M. 

M. 

M. 

M. 

14.2 

.8 

13.6 

.7 

95.7% 

M.V. 

M.V. 

M.V. 

M.V. 

M.V. 

1.5 

•5 

1-59 

.2 

3-2% 

of  the  shoulder  and  neck,  to  such  an  extent  that  the  head  moved 
rapidly  from  side  to  side.  Even  if  the  movements  did  not  show  them- 
selves in  other  parts  of  the  body,  it  was  evident  that  practically  all 
the  leading  muscles  of  the  skeletal  system  were  violently  contracted. 
Most  of  the  subjects  stated  that  this  state  of  muscular  contraction 
aided  them  very  materially  in  the  rapidity  of  the  movements.  It  is 
to  be  noted,  however,  that  the  three  subjects  making  the  best  records 
in  the  whole  series  did  not  show  this  violent  muscular  tonicity  in  other 
parts  of  the  body,  neither  did  there  appear  much  irregularity  in  the 
breathing  or  other  bodily  functions.  Those  making  the  best  records 
seemed  to  have  the  power  to  inhibit  all  impulses  to  other  muscles 
save  those  needed  for  these  rapid  movements.  The  subject  W.  H.  S. 
who  ranks  first  in  the  series,  and  who  twice  during  the  tests  made 
one  himdred  taps  in  nine  seconds,  equaling  the  world's  record, 
so  far  as  the  writer  has  been  able  to  discover,  made  the  movements 
with  apparent  ease  and  without  any  muscular  changes  or  innervations 
in  other  parts  of  the  body.  These  tests  would  thus  seem  to  show  that 
as  in  accuracy  of  movement,  so  in  rapidity  of  movement,  the  best 
results  are  attained  by  inhibiting  all  impulses  to  the  musculature 
except  those  absolutely  necessary  to  the  movement  itself.  K  this 
theory  be  true,  we  would  expect  to  find  much  improvement  by  practicei 
which  does  actually  appear  from  the  tests  made  in  this  series.    With- 
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out  exception  every  subject  made  considerable  improvement  during 
the  extensive  series  taken,  and  those  improved  most  whose  innervation 
to  other  muscles  was  greatest  in  the  beginning.  Of  course  their 
attention  was  constantly  called  to  the  unnecessary  movements  they 
made,  and  gradually  they  tended  to  disappear  and  greater  speed  was 
acquired.  Rapid  movements  thus  appeared  to  conform  to  the  law 
of  all  highly  specialized  movements.  The  athlete  who  wins  is  he  who 
knows  the  form  of  the  movement  to  be  made  and  is  able  to  inhibit  all 
unnecessary  movements.  The  nervous  energy  set  free  in  the  per- 
ipheral centers  thus  passes  directly  into  the  motor  centers  concerned  in 
the  sending  on  of  the  impulse  to  the  proper  muscles,  and  there  is  no 
^aste.  The  nervous  energy*  being  confined  within  narrower  limits 
lias  greater  facility  in  passing  the  synapses,  thus  making  the  movement 
more  quickly.  The  secret  of  being  able  to  make  rapid  movements  is 
thus  the  ability  to  control  the  nervous  energy  set  free  in  the  sensory 
centers  into  the  precise  motor  centers  needed  to  make  the  movement. 

There  are  some  reactions,  such  as  holding  the  breath  and  violent 
facial  contortions,  which  were  very  noticeable  in  some  of  the  subjects 
^ho  did  poorest  in  these  tests.  One  subject  portrayed  such  violent 
muscular  contractions,  and  inhibited  breathing  to  such  an  extent 
during  the  whole  experiment  that  after  each  test  he  seemed  almost 
exhausted,  and  a  considerable  space  of  time  had  to  be  taken  for  re- 
cuperation, before  the  accompanying  tests  already  mentioned  could 
be  continued.  Such  subjects  always  do  poorly  in  these  tests.  No 
such  widely  distributed  muscular  effort  was  evident  in  the  subjects 
who  made  good  records.  On  the  contrary,  the  vibratory  movements 
of  the  greatest  rapidity  were  always  very  short,  and  unaccompanied 
by  any  motor  effects  in  any  other  part  of  the  body. 

^  McDougall,  Physiological  Psychology,  p.  32. 


CHAPTER  X 

A  COMPABISON  OF  FATIGUE  IN  THE  HORIZONTAL  AND  VERTICAL  POSITIONS 
OP  THE  BODY,  BY  THE  USE  OF  THE  PINQER  DYNAMOMETER 

The  method  of  taking  this  rather  tedious  series  of  tests  was  similar 
in  character  to  all  of  the  previous  series,  that  is,  the  subject  was 
placed  upon  the  Mosso  instrument  in  the  horizontal  position,  and  made 
to  press  the  finger  d3mamometer  (the  Cattell  instrument)  fifty  times, 
from  the  record  of  which,  the  fatigue  curve  could  be  calculated.  Then 
after  sufficient  time  had  elapsed  to  allow  the  fatigue  to  pass  away, 
the  test  was  repeated  in  the  vertical  posture.  For  the  greater  number 
of  the  subjects,  only  one  test  could  be  taken  per  day,  though  some  were 
able  to  take  one  in  the  forenoon,  and  one  in  the  afternoon,  allowing  as 
much  as  three  or  four  hours  to  intervene.  In  every  case,  there  was 
positive  assurance  that  the  effects  of  the  previous  test  had  passed 
away  before  the  next  was  taken.  In  some  cases  several  days  elapsed 
between  the  tests  in  the  two  positions. 

In  making  the  tests,  the  instrument  was  held  in  precisely  the  same 
relative  position  to  the  body,  whether  in  the  horizontal  or  vertical 
posture.  The  arm  and  wrist  were  made  to  rest  upon  the  Mosso  instru- 
ment at  the  side  of  the  body,  in  a  convenient  position  for  operating  the 
instrument,  which  was  held  between  the  thimib  and  forefinger  of  the 
right  hand.  At  a  given  signal,  the  subject  was  asked  to  press  the 
d3mamometer  as  hard  as  he  could,  once  per  second  for  fifty  seconds. 
Subjects  were  cautioned  to  inhibit  all  other  movements  as  much  as 
possible,  and  to  exert  themselves  in  doing  their  best  at  each  successive 
effort. 

In  estimating  the  relative  ability  of  subjects  to  press  the  dynamom- 
eter, the  method  adopted  by  Wissler*  has  been  used  throughout.  Each 
subject  was  tested  at  least  ten  times  in  each  position,  and  the  figure  in 
the  "fatigue"  column  represents  the  mean  for  all  these  tests.  Of 
course,  the  fatigue  will  be  shown  by  the  degree  of  approximation  to  the 
initial  effort.  It  is  very  true  that  some  subjects  do  not  know  when 
they  have  done  their  best,  and  the  initial  effort  is  not  so  good  as  some 
of  the  later  ones.  Then  it  may  be  that  some  subjects  cannot  do  their 
best  imtil  they  are  "  warmed  up. "  However,  the  writer  believes  that 
in  the  extended  series,  the  results  of  which  are  given  in  Table  XIV, 
the  inadequacy  of  the  initial  efforts  makes  no  difference  in  the  validity 
of  the  comparative  results  herein  tabulated.  The  effort  is  only  to 
determine  differences,  if  any  occur,  in  the  horizontal  and  vertical 

>  Wisslcr,  The  Correlation  of  Menial  and  Physical  Tests,  p.  38. 
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TABLE  XIV 


A  comparison  of  fatigue  by  the  use  of  the  finger  dynamometer  in  the  horizoiital 
and  vertical  positions  of  the  body. 


HorisonUl 

Vertical 

Subject 

Number 
of  tests 

Fatigue 

M.V. 

Number 
of  tests 

Fatigue 

M.V. 

ComparatiTe  per 
ceiiU 

L. 

lO 

70.3 

5.8 

10 

73-5 

6.1 

104% 

G. 

12 

85.2 

7.4 

12 

86.8 

5.3 

102% 

T. 

ID 

91.4 

8.4 

10 

90.2 

8.7 

98% 

M. 

12 

72.1 

5.7 

12 

78.6 

6.4 

■^ 

M/ 

15 

65.4 

3.8 

15 

69.5 

4-7 

A. 

12 

81. 1 

7.1 

12 

88.3 

8.4 

109% 

S. 

ID 

85.2 

6.3 

10 

90.2 

5.4 

106% 

W. 

lO 

74.8 

4.7 

10 

80.6 

5.3 

108% 

T' 

12 

81.7 

3-2 

12 

84.6 

4.6 

103% 

G' 

lO 

74.3 

5.6 

10 

78.2 

6.1 

105% 

V 

lO 

85.5 

7-2 

10 

90.3 

6.8 

106% 

A' 

12 

64.4 

5.2 

12 

70.6 

3.8 

108% 

B. 

ID 

87.7 

4.9 

10 

90.6 

5.6 

103% 

D. 

ID 

84.1 

3.9 

10 

88.6 

2.9 

105% 

M. 

M. 

M. 

M. 

M. 

78.8 

5-5 

82.8 

5-7 

105% 

M.V. 

M.V. 

M.V. 

M.V. 

M.V. 

7.3 

I.  2 

6.6 

I.I 

2.2% 

position  of  the  body.  For  example,  subject  "L"  has  a  fatigue  record 
in  the  horizontal  position  of  70.3,  and  in  the  vertical  of  73.5.  These 
figures  are  obtained  as  follows:  For  each  test  made,  the  total  reading 
was  divided  by  five  times  the  sum  of  the  first  ten  pressures.  These 
results  were  added  together  and  divided  by  the  total  number  of  tests 
made,  as  indicated  in  column  two  of  the  table. 

The  results  of  the  tests  are  quite  conclusive  so  far  as  the  subjects 
tested  are  concerned.  Much  greater  fatigue  is  shown  in  the  horizontal 
posture  than  in  the  vertical.  The  mean  for  the  horizontal  is  78.8, 
and  for  the  vertical  is  82.8.  The  comparative  per  cents,  show  that  the 
quantity  of  fatigue  shown  in  the  horizontal  position  is  approximately 
105  per  cent,  of  that  shown  in  the  vertical  position. 

Theoretically,  this  would  be  expected.  The  vertical  posture  is 
normal  for  muscular  effort.  When  the  weight  is  thrown  upon  the  feet 
and  the  blood  pressure  is  increased  throughout  the  body,  the  tonicity 
of  the  w^hole  musculature  is  more  easily  sustained,  and  muscular  co- 
ordination facilitated.  Mere  force  of  habit  and  association  would  aid 
the  muscular  effort  in  the  vertical  posture,  for  one  rarely  engages  in 
any  violent  exercise  in  the  horizontal  posture.  The  latter  posture  is 
used  for  repose  habitually,  and  is  not  surprising  that  muscles  are  more 
readily  fatigued  imder  great  activity  when  in  a  position  in  which  they 
are  normally  relaxed. 


CHAPTER  XI 

A  C0MPABI80N  OP  THE  STRENGTH  OF  GRIP,  BY  THE  USE  OF  THE  HAND 
DYNAMOMETER,  IN  THE  HORIZONTAL  AND  VERTICAL   POSITIONS     ' 
OF  THE  BODY 

It  will  be  noticed  that  the  subjects  employed  in  this  series  of 
tests  are  the  same  as  those  used  in  the  visual  memory  tests.  In  fact, 
all  subjects  tested  in  visual  memory  were  at  the  same  time  tested  in 
strength  of  grip  by  the  use  of  the  hand  d3mamometer.  The  tests 
were  so  alternated  with  those  of  blood  pressure,  and  heart-beat,  and 
visual  memory  as  to  allow  all  the  effects  of  fatigue  from  a  single  effort 
to  pass  away  before  the  second  effort  was  made.  The  general  plan 
employed  was  to  place  the  subject  upon  the  Mosso  instrument  in  the 
horizontal  position,  and  after  testing  the  heart-beat  and  blood  pressure, 
to  allow  the  subject  to  grip  the  dynamometer  as  strongly  as  he  could, 
after  which  the  visual  memory  tests  were  taken.  By  the  time  these 
were  finished  in  the  horizontal  position,  which  usually  occupied  eight 
or  ten  minutes,  and  the  subject  was  elevated  to  the  vertical  position, 
all  signs  of  fatigue  from  the  previous  test  had  passed  away  and  the 
second  test  could  be  taken.  This  method  continued  in  as  many  series 
of  tests  as  were  taken  for  visual  memory,  and  in  most  instances  it  will 
be  found  that  the  number  of  tests  taken  correspond  exactly  with  the 
number  taken  for  visual  memory.  In  every  case  the  subject  was  asked 
to  take  the  dynamometer  in  his  right  hand,  allowing  the  arm  to  rest 
on  the  Mosso  instrument,  and  without  moving  other  parts  of  the  body, 
to  grip  it  as  strongly  as  possible.  Since  the  hand  and  arm  are  in  the 
same  relative  position  to  the  body  whether  standing  or  l)dng  down, 
theoretically,  from  the  mere  standpoint  of  position,  no  difference  in  the 
strength  of  the  grip  would  be  expected.  However,  the  table  indicates 
that  subjects  have  a  stronger  grip  in  the  vertical  than  in  the  horizontal 
position.  The  explanation  is  seemingly  to  be  found  in  the  fact  that 
in  the  vertical  posture,  the  blood  pressure  is  generally  higher  and  the 
muscular  tonicity  more  easily  maintained. 

By  referring  to  Table  XV  (next  page),  it  is  seen  that 
only  two  subjects  do  better  in  the  horizontal  than  in  the  vertical 
position.  There  are  as  many  as  thirteen  who  do  practically  the  same 
in  the  two  positions,  there  being  only  a  slight  advantage  in  favor  of  the 
vertical.  But  there  are  ten  subjects  who  do  very  much  better  in  the 
vertical,  bring  the  comparative  per  cent,  up  to  105  in  favor  of  the 
vertical  position.  This  is  rather  a  decided  tendency.  Indeed  the  two 
subjects  who  did  poorer  in  the  vertical  are  coimted  among  those  who 
did  practically  the  same  in  the  two  positions,  and  it  is  possible  that 
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if  ten  more  experiments  had  been  performed  on  these  subjects  an 
equal  tendency  might  be  found  in  the  opposite  direction.  The  mean 
strength  of  all  subjects  tested  in  the  horizontal  position  is  57,2  with 
a  mean  variation  of  2.6,  while  in  the  vertical  position  of  the  body,  the 
mean  strength  of  all  the  subjects  is  60.3  with  a  mean  variation  of  6.2. 

TABLE  XV 


A  comparison  of  grip  in  the  horizontal  and  vertical  positions  of  the  body  by 

the  use  of  the  hand  dynamometer. 

Horizontal 

Vertical 

Subject 

Number 
of  tests 

M. 

M.V. 

Number 
ofteaU 

M. 

M.V. 

Comparatiire  per 
centa 

H. 

ID 

71.3 

2.3 

10 

78.0 

4-2 

109% 

B. 

12 

36.2 

1-5 

12 

42.0 

2.3 

"7% 

S. 

lO 

32.6 

2.3 

10 

32.2 

1.5 

S/ 

lO 

53.2 

2.1 

10 

54.8 

2.7 

103% 

M. 

12 

52.3 

2.6 

12 

56.2 

31 

107% 

R. 

12 

68.4 

3.5 

12 

75-3 

2.8 

110% 
1x8% 

C. 

15 

61.  I 

2.3 

15 

71.3 

3.5 

S/ 

ID 

69.1 

3-5 

10 

70.2 

2.  I 

102% 

F. 

12 

56.2 

2.7 

12 

57.2 

1.2 

102% 

F/ 

ID 

76.1 

2.1 

10 

80.5 

3-2 

107?? 
108% 

G. 

12 

56.7 

3.1 

12 

60.2 

2.5 

L. 

15 

60.2 

3.6 

15 

65.1 

2.1 

A. 

20 

35.2 

2. 1 

20 

37.3 

1.8 

106% 

C 

lO 

62.3 

31 

ID 

64.4 

2.8 

103% 

D. 

lO 

33.2 

3-2 

ID 

40.4 

3.7 

121% 
105% 

J. 

12 

63.7 

1.4 

12 

67.2 

4.3 

S/" 

ID 

37.2 

2.6 

ID 

38.2 

2.7 

103% 

N. 

15 

48.2 

3-4 

15 

49.1 

1.8 

102% 

H.' 

ID 

76.4 

2.3 

10 

78.2 

1-3 

102% 

H." 

12 

68.4 

3.1 

12 

69.5 

2.6 

102% 

M/ 

15 

59.2 

2.5 

15 

63- 7 

2.3 

K. 

lO 

30.4 

1.5 

ID 

29.6 

2.6 

97% 

A/ 

12 

65.8 

2.3 

12 

67.2 

3.1 

102% 

L/ 

lO 

68.2 

1.4 

10 

71.2 

3-2 

104% 

I. 

12 

61.2 

31 

12 

65.8 

1.4 

107% 
101% 
102% 

S/"' 

lO 

70.3 

2.6 

ID 

714 

2.7 

P. 

ID 

70.4 

41 

ID 

72.4 

3.4 

M. 

M. 

M. 

M. 

M. 

57-2 

2.6 

60.3 

2.6 

105% 

M.V. 

M.V. 

M.V. 

M.V. 

M.V. 

II. 6 

•5 

12.3 

.7 

4.1% 

It  seems  to  the  writer  that  this  series  of  tests  gives  conclusive 
evidence  that  when  the  body  is  erect  there  is  greater  strength  of  the 
grip  than  when  the  body  is  in  a  reclining  posture.  This  table,  probably 
more  than  any  other  series  of  tests  presented,  shows  clearly  special 
adaptation  for  strength  in  the  vertical  position.  The  results  of  this 
series  show  too  that  the  strength  tests  given  in  the  gymnasiums  are 
valid  only  when  all  subjects  are  required  to  maintain  the  body  in 
precisely  the  same  position  for  each  of  the  tests. 


CHAPTER  XII 

SOME  ADDITIONAL  DATA  UPON  THE  PRECEDINQ  RESULTS 

In  order  to  verify  the  results  of  the  tests  recorded  in  the  preceding 
chapters,  it  was  thouglit  advisable  to  select  four  subjects  who  had  not 
been  employed  in  the  previous  experiments  and  take  them  through 
all  the  tests  in  precisely  the  same  manner  in  which  the  original  tests 
were  made.  It  will  be  remembered  that  all  the  subjects  used  here- 
tofore were  those  selected  from  the  various  departments  of  the  imi- 
versity  who  were  willing  to  give  a  little  time  to  the  investigation,  and 
in  consequence  of  this  fact,  the  list  of  subjects  is  a  very  naive  and 
irregular  one.  There  was  great  difficulty  in  securing  the  same  subjects 
for  two  consecutive  series.  The  results  attained  are  thus  from  groups 
of  individuals  varying  materially  from  each  other,  both  in  size  and 
psychological  training.  For  this  reason,  it  might  reasonably  be  expected 
that  while  there  is  a  certain  validity  in  the  result  for  this  particular 
group,  another  group  of  individuals,  having  more  training  and  being 
selected  with  special  reference  to  this  test,  might  show  entirely  different 
results.  The  writer,  therefore,  selected  four  men  who  were  willing 
to  serve  as  subjects  in  the  following  series:  discrimination  of  pitch, 
tactile  discrimination,  visual  memory,  auditory  memory,  adding,  tap- 
ping test,  fatigue  test,  and  grip.  These  subjects  were  not  exactly 
naive,  but  had  had  a  little  experience  in  the  methods  of  the  psychological 
laboratory.  Two  were  students  in  Teachers'  College,  Columbia  Uni- 
versity, and  one  a  teacher  in  the  New  York  City  Schools.  All  had 
taken  courses  in  psychology  and  were  interested  in  the  subject  in  the 
experimental  field,  but  had  done  very  little  practical  work.  The 
results  following  are  therefore  results  of  practically  naive  subjects, 
but  seem  to  the  writer  to  have  greater  weight,  because^the  same  group 
of  individuals  is  used  for  each  series. 

It  does  not  seem  necessary  to  explain  the  succeeding  tables,  for  all 
the  tests  were  taken  in  precisely  the  same  manner  as  those  described 
in  the  previous  chapters.  The  same  apparatus  was  used  in  every 
instance,  and  the  same  method  of  tabulating  and  recording.  A  com- 
parison of  the  corresponding  series  of  experiments  shows  that  in  general 
the  results  of  the  former  tests  are  verified  by  those  recorded  in  this 
chapter.  It  is  true  there  is  some  little  variation,  but  on  the  whole 
the  results  are  the  same  in  the  various  series.  In  order  that  the  com- 
parative results  may  be  quickly  and  easily  seen,  the  tables  in  this 
chapter  will  contain  also  the  results  found  in  the  tables  in  the  previous 
chapters. 
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DISCKnaNATION  OP  PITCH 


Horisontal 

Vertical 

Number  of 

Number  of 

Subject 

A 

experi- 
menU 

Per  cent 
right 

P.R. 

A 

ezperi- 
menta 

Per  cent 
right 

P.E. 

Comparative 
percenU 

M. 

2 

150 

62 

4.4 

2 

150 

68 

2.8 

94% 

G. 

3 

100 

85 

1.9 

3 

100 

87 

1.8 

S. 

2 

100 

91 

I.O 

2 

100 

93 

•9 

90% 

A. 

3 

100 

80 

2.4 

3 

100 

82 

2.2 

91% 

M. 

M. 

M. 

2.4 

19 

85% 

M.V. 

M.V. 

M.V. 

.9 

.5 

10% 

RBSUI^TS  BROUGHT  FORWARD  PROM  TABLB 

m 

M. 

M. 

M. 

36 

2.2 

78% 

M.V. 

M.V. 

MV. 

1.9 

.8 

21% 

TACTIUS  DISCRIMINATION 


Horisontal 

Vertical 

Subject 

A 

Number 
of experi- 
ments 

Per  cent 
right 

P.B. 

A 

Number 
of  experi- 
ments 

Per  cent      p  t» 
right         ^'^' 

Comparative 
per  cents 

M. 

G. 
S. 
A. 

I 
I 
I 
I 

100 
100 
100 
100 

85 
92 

85 
82 

.6 

•4 
.6 

.7 

I 
I 
I 
I 

ICO 
too 

100 

too 

76 
90 
86 
80 

.9 
.5 
.6 
.8 

150% 

100% 
"4% 

M. 

.09 

M. 

Mi. 

M. 

122% 
M.V 
15% 

RBSULTS  BROUGHT  FORWARD  FROM  TABLS  VI 


M. 

M. 

M. 

1. 16 

1.7 

146% 
M.V. 

M.V. 

M.V. 

.24 

.59 

36% 
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VISUAL  UBMORY 


HorisonUl 

Vertical 

Subject 

Number 
of  testa 

Mean 
trUls 

Brrors 

Number 
of  tests 

Mean 
trials 

Brrors 

ComparatlTe  per 
cents 

Means 

M. 

G. 
S. 
A. 

14 
12 

15 

12 

8.7 
4.6 

5.4 
4.3 

362 

174 
211 

185 

14 

12 

5 
12 

8.9 
5.2 
5-3 
4.9 

521 
223 
263 
243 

102% 
"3% 

"4% 

144% 
128% 
124% 
131% 

M. 

5.7 
M.V. 

1.7 

M. 

64 

M. 

6.0 

M.V. 

1.3 

M. 

104 

M. 

106% 

M.V. 

6% 

M. 

6% 

RESULTS  BROUGHT  FORWARD  PROM  TABLS  X 


M. 

M. 

M. 

M. 

5.2 

199 

5.8 

236 

M.V. 

M.V. 

M.V. 

M.V. 

1.5 

66 

1.3 

58. 

AUDITORY  MEMORY 


HorizonUl 

Vertical 

Subject 

Number 
of  tests 

Mean 
trials 

Brrors 

Number 
of  tesU 

Mean 
trials 

Brrors 

Comparative  per 
cents 

Means 

Brrors 

M. 

G. 

S 

A. 

10 
12 

14 
12 

4.2 
3.6 
5.9 
8.7 

126 
172 
295 
431 

10 

12 

14 

12 

4.6 
3.9 
6.4 
8.6 

285 
196 
372 
450 

108% 

108% 
98% 

226% 
"4% 
127% 
104% 

M. 

5.6 

M.V. 

1.7 

M. 

256 

M.V. 

107 

M. 

5.8 

M.V. 

1.6 

M. 

325 
M.V. 

85 

M. 

105% 
M.V. 

4% 

M. 

142% 
M.V. 

41% 

RESULTS 

BROUGHT  FORWARD   FROM 

TABLE  Xn 

M. 

M. 

M. 

M. 

6.3 
M.V. 

227 
M.V.    1 

7.3 
M.V. 

250 

M.V. 

1-3       64  ; 

1.4 

64 

SOME  ADDITIONAL  DATA 
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TAPPING  TBST 


Horisontal 

Vertical 

Subject 

Number 
oftesU 

Time 

Number 
of  tesU 

Time 

Comparative 
per  cents 

M. 

M.V. 

M. 

M.V. 

M. 

G. 
S. 
A. 

30 
24 
18 
26 

II. 4 
12.8 

14.7 
15. 1 

.6 

•7 
.6 
.8 

30 
24 
18 
26 

11.2 
12. I 
13.8 
14.4 

.3 
•4 
•5 
.4 

94% 
97% 

M. 

1.4 

M. 

.67 
M.V. 
.07 

M. 

12.8 

M.V. 

1.2 

M. 

M. 

95% 
M.V. 

2  +  % 

RBSUI^TS  BROUGHT  FORWARD  PROM  TABLS  Xm 


M. 

M. 

M. 

M. 

M. 

14.2 

.8 

13.6 

.7 

95.7% 

M.V. 

M.V. 

M.V. 

M.V. 

M.V. 

1.5 

.5 

1.59 

.2 

32% 

PATIGUB 


Horizontal 

Vertical 

Subject 

No.of 
tests 

Fatigue 

M.V. 

Fatigue 

No.of 
tests 

M.V. 

ComparatiTe 
per  cents 

M. 
G. 
S. 
A. 

12 

15 

12 
20 

92.7 
79.2 

84.3 
74.2 

3.4 
8.6 

4.7 
II. 6 

99  5 
87.6 

89.5 
80.2 

12 

15 

12 
20 

3-2 
9.2 
3.8 
8.7 

ffff 

M. 

82.6 

M.V. 

5.9 

M. 
7  07 
M.V. 
302 

M. 
5.3 

M. 

M. 

6.2 

M.V. 

2.7 

M. 

107.7% 
M.V. 
1.2% 

RESULTS  BROUGHT  FORWARD   FROM  TABL8  XIV 


M. 

M. 

M. 

M. 

M. 

78.8 

5.5 

82.8 

5-7 

105% 

M.V. 

M.V. 

M.V. 

M.V. 

M.V. 

7.3 

1.2 

6.6 

I.I 

2.2% 
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Horizontal 

Vertical 

Subject 

Number 
of tests 

M. 

M.V. 

Number 
oftesU 

M. 

M.V. 

Comparative 
per  cents 

M. 

G. 
S. 
A. 

lO 
12 

15 
12 

64.4 

49  2 
54.6 
61.2 

52 
46 

5-8 

4.7 

10 
12 
15 

12 

68.3 

523 
53.2 

65.3 

4.1 
5  I 
7.6 

9  4 

106% 

107% 

98% 

106% 

M. 

57.3 
M.V. 

5.4 

M. 

50 
M.V. 

•4 

M. 

59-7 

M.V. 

70 

M. 

6.5 
M.V. 

1.9 

M. 

104% 
M.V. 

3% 

RBSULTS  BROUGHT  FORWARD  PROM  TABLS  XV 


M. 

M. 

M. 

M. 

M 

57.2 

2.6 

60.3 

2.6 

105% 

M.V. 

M.V. 

M.V. 

M.V. 

MV. 

II. 6 

.5 

12.3 

.7 

4.1% 

Summing  up  the  results  of  all  the  tests  made  in  the  various  series, 
there  is  no  doubt  that  for  the  subjects  tested,  pitch  is  discriminated 
better  in  the  vertical  than  in  the  horizontal  position;  tactile  discriminar 
tion  is  slightly  more  acute  in  the  horizontal  than  in  the  vertical ;  visual 
memory  is  both  more  rapid  and  subject  to  fewer  errors  in  the  hori- 
zontal than  in  the  vertical  position ;  auditory  memory  shows  the  same 
result  as  the  visual  memory;  adding  can  be  done  more  rapidly  and 
with  greater  precision  in  the  horizontal  posture;  subjects  show  greater 
signs  of  fatigue  in  the  horizontal  than  in  the  vertical  posture;  a  greater 
number  of  taps  per  minute  can  be  made  in  the  vertical  than  in  the 
horizontal  position;  and  the  vertical  position  is  favorable  to  the 
strength  of  grip. 
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I.    THE  ORDER,  POSITIONS,  AND  PROBABLE  ERRORS  OF 
TEN  LEADING  AMERICAN  AUTHORS 

The  practical  value  of  the  statistical  method  ifi  the  measurement 
of  a  mental  trait  rests  upon  the  hypothesis  that  such  value  of  this 
trait  as  is  worth  measuring  in  any  individual  is  significant  for  a  cer- 
tain group  of  persons  as  it  impresses  itself  upon  that  group,  and  only 
in  so  far  significant  as  it  thus  impresses  itself.  This  is  what  the  method 
measures.  Unrecognized  merit  may  exist,  but  it  is  also  likely  to  be 
inefficient  merit,  which  is  not  merit  at  all  in  any  legitimate  sense  of 
the  term.  We  must  finally  asstune  efficiency  to  be  in  proportion  to 
its  influence.  This  would  work  injustice  only  where  such  influences 
were  unaccounted  for,  or  accounted  for  to  the  wrong  source,  and  in 
such  determinations  as  these  this  factor  is  certainly,  if  not  indeed  al- 
ways, negligible.  The  measure  of  influence  is  the  ultimate  criterion 
of  efficiency. 

While  the  data  of  the  method  are  based  upon  introspection,  yet 
they  are  dealt  with  in  such  a  wholly  objective  way  as  at  least  to  meas- 
ure, if  not  indeed  to  largely  remove,  the  invalidities  usually  traceable 
to  this  source.  Just  as  the  biologist  cannot  make  a  certain  measure- 
ment on  all  individuals  of  a  given  species,  so  here  we  cannot  deter- 
mine the  effect  of  our  objects  on  all  the  commimity.  We  need  not, 
however,  select  so  much  at  random  as  is  usually  advisable  for  the 
biologist,  but  we  can  select  those  individuals  whose  judgments  are 
the  least  likely  to  vary,  that  is,  those  best  informed  on  the  subject, 
just  as  the  biologist  would  select  as  assistants  those  individuals  who 
gave  him  the  smallest  variations  in  measuring  the  same  object.  We 
might  also  regard  the  judgment  of  each  grader  as  a  new  measurement 
made  with  the  same  instrument.  In  the  absence  of  constant  error, 
we  suppose  those  measurements  the  most  accurate  which  vary  from 
each  other  least.  We  should  find  that  persons  who  had  never  heard 
of  our  10  American  authors  would  grade  them  almost  by  pure  chance 
and  that  persons  of  limited  knowledge  in  this  respect  would  vary  a 
great  deal,  but  when  we  come  to  those  who  have  made  a  special  study 
of  this  group  there  is  but  little  variation,  and  it  is  their  judgment 
that  we  therefore  regard  as  the  most  valid.  As  we  ascend  the  scale, 
constant  deviations,  mainly  of  a  chronological  and  geographical 
nature,  are  introduced,  and  this  precludes  determinations  of  absolute 
validity.  It  is  not  these  that  would  be  of  most  use,  however,  but 
the  knowledge  of  how  the  series  of  graded  objects  has  influenced  a 
certain  particular  group.  From  this  point  of  view  the  method  is  as 
much  a  measure  of  the  judges  as  of  the  judged 
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In  these  experiments  we  get  a  direct  measure  of  the  relative  ex- 
tent to  which  the  authors  have  impressed  themselves  upon  the  group 
which  we  are  stud3ang.  In  so  far  as  this  is  a  representative  group, 
we  get  a  measure  of  the  extent  to  which  they  have  influenced  the  com- 
munity represented,  and  a  determination  based,  from  this  view-point, 
upon  entirely  objective  facts. 

The  writer's  first  experiment  by  this  method  along  the  lines  of 
literary  criticism  dealt  with  short  compositions  by  a  single  author, 
the  arrangements  being  made  by  40  women  imdergraduates.  Ten 
stories  by  Edgar  Allan  Poe  were  graded  in  order  of  preference,  the 
order,  positions,  and  p.e.'s,  together  with  the  graphic  representation 
according  to  the  scheme  devised  by  Cattell,^  being  given  below. 


Order. 

PO«.            P. 

B. 

The  Fall  of  the  House  of  Usher. 

3-6 

26 

The  Murders  in  the  Rue  Morgue. 

4. 

35 

Ligeia. 

4.1 

22 

The  Purloined  Letter. 

4.6 

53 

William  Wilson. 

5.1 

24 

The  Telltale  Heart. 

5-8 

3 

The  Cask  of  Amontillado. 

6. 

38 

Metzengerstein. 

6.6 

26 

Loss  of  Breath. 

7.1 

3 

Le  Due  de  L' Omelette. 

7-7 

32 

Average  Difference  in  Position 

.46    Av 

31 

On  accomit  of  the  limited  training  of  the  graders  the  m-v/s  are 
considerable  compared  to  those  to  be  subsequently  discussed.  The 
differences  in  position  are  also  much  smaller.  Working  by  the  method 
of  %  of  like  signs  it  was  not  possible  to  discover  any  correlations  in 
preference,  positive  or  negative,  that  might  not  as  well  be  ascribed 
to  pure  chance.  This  seems  rather  surprising,  as  one  would  naturally 
have  expected  relative  preferences  to  be  the  same  within  types  of 
stories,  that  is,  one  who  disliked  Loss  of  Breath  should  also  dislike 
Le  Dxic  de  UOmeleite.  But  such  slight  relationships  as  did  appear 
seemed  to  be  rather  between  stories  relatively  unrelated  by  ordinary 
critical  standards,  as  positive  between  Loss  of  Breath  and  William 
WilsoUy  negative  between  The  Purloined  Letter  and  The  Cask  of  Amon" 
tiUadOy  etc. 

These  results  appeared  to  indicate  that  the  standards  of  literary 
^jriticism  erected  by  accepted  critical  scholarship  would  bear  experi- 

*  Science,  N.  S.,  J4,  658,  699,  732,  1906. 
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mental  examination.  Aside  from  the  intrinsic  interest  of  determin- 
ing relative  positions  in  the  group  tested,  it  seemed  desirable  to  analyze 
so  far  as  possible  the  precise  standards  upon  which  such  judgments 
were  based.  Accordingly  the  experiment  whose  results  form  the 
raison  d'itre  of  the  present  study  was  devised.  It  is  not,  however, 
to  be  anticipated  that  the  introduction  of  a  scientific  method  into 
this  field  should  contribute  markedly  to  the  principles  of  accepted 
critical  procedure;  the  main  fimction  of  literary  criticism  having 
hitherto  been  to  serve  rather  as  a  convenient  vehicle  for  individual 
expression  than  for  the  empirical  determination  of  actual  literary 
relationships. 

Ten  American  imaginative  writers  were  selected  for  study,  these 
being  presented  in  alphabetical  order,  Bryant,  Cooper,  Emerson, 
Hawthorne,  Holmes,  Irving,  Longfellow,  Lowell,  Poe,  Thoreau. 
They  are  presumably  all  in  the  first  15  of  their  class.  These  were 
graded  first  in  respect  to  general  literary  merit.  They  were  then 
graded  in  respect  to  their  possession  of  ten  literary  qualities.  These, 
also  in  alphabetical  order,  and  with  the  abbreviations  by  which  they 
will  subsequently  be  designated,  were  Charm  (Ch),  Clearness  (CI), 
Euphony  (Eu),  Finish  (Fi),  Force  (Fo),  Imagination  (Im), .  Origi- 
nality (Or),  Proportion  (Pr),  S3mipathy  (Sy),  Wholesomeness  (Wh). 
These  lists  were  not  determined  by  any  standard  method  but  by  a 
literary  critic  in  ordinary  consultation  with  the  writer.  The  terms 
are  in  the  main  technical  terms  of  literary  criticism  and  there  seems 
to  have  been  no  great  difiiculty  about  their  interpretation.  The 
grading  was  done  at  a  meeting  of  the  English  Graduate  Club  at  Colum- 
bia University,  the  work  occupying  from  35  minutes  to  1  hour.  One 
of  the  graders  was  the  critic  above  mentioned,  the  remainder  belong- 
ing, with  2  or  3  exceptions,  to  the  graduate  student  group.  There 
was  a  remarkably  small  amount  of  invalid  data,  principally  confined 
to  such  lapses  as  grading  the  same  author  3rd  and  then  again  7th. 
The  present  results  are  derived  from  20  records. 

Of  course  in  so  large  a  number  of  separate  distributions  as  that  un- 
der consideration  (110),  the  probable  incidence  of  certain  forms  by 
pure  chance  is  not  inconsiderable.  While  in  general  they  approxi- 
mate the  normal  distribution  as  closely  as  could  be  expected  in  the 
limited  number  of  judgments,  yet  it  may  be  worth  while  to  call  atten- 
tion, with  special  reference  to  species,  to  some  of  the  more  marked 
deviations  from  the  normal,  where  the  factor  of  chance,  which,  of 
course,  is  itself  always  measurable,  does  not  seem  to  play  a  promi- 
nent part. 

This  is  perhaps  the  phase  of  the  results  most  interesting  to  stu- 
dents of  literature.  For  example,  the  fact  that  VII  (Bryant)  has  a 
distribution  of  such  marked  bimodality  as  to  be  practically    with- 
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out  the  range  of  chance  deviation  from  the  normal,  is  perhaps  not 
without  critical  interest.  It  has  been  suggested  that  these  two  groups 
might  have  a  certain  geographical  distribution,  the  relatively  higher 
grades  coming  from  New  England  and  neighboring  states.  It  is  now 
impracticable  to  verify  this  supposition,  but  there  is  nothing  inher- 
ently improbable  about  it,  and  such  theories  are,  of  course,  experi- 
mentally verifiable.  I  am  rather  distrustful,  however,  of  the  value 
of  explanation  for  its  own  sake  and  representing  a  personal  opinion. 
We  shall  perhaps  do  well  to  remember  that  we  know  just  as  good 
reasons  for  many  things  that  are  not  so  as  for  things  that  are,  and 
when  the  history  of  our  present  thought  is  written  it  will  probably 
be  foimd  that  we  have  explained  to  our  complete  satisfaction  quite 
as  many  of  the  former  as  the  latter. 

There  is  little  ground  for  supposing  different  species  in  the  re- 
mainder of  the  general  merit  grades  except  perhaps  in  the  case  of 
VIII  (Thoreau),  whose  grades  fall  with  almost  equal  frequency 
among  the  last  5  positions.  The  three  most  markedly  bimodal  dis- 
tributions in  the  quality  grades  are  those  of  II  (Poe)  for  Charm,  and 
I  (Hawthorne)  for  Clearness  and  S3mipathy.  In  17  cases  the  same 
author  receives  grades  in  first  and  last  place,  though  in  only  2  cases 
is  there  a  grade  in  every  place,  namely,  in  IV  (Lowell)  for  Sympathy 
and  X  (Cooper)  for  Clearness.  The  most  variable  distribution  is 
that  of  III  (Emerson)  for  Proportion  with  a  p.e.  of  .61,  and  the  least 
variable  are  those  of  II  for  Imagination  and  Originality  with  p.e/s 
of  .11  each.  There  are  naturally  many  distributions  that  on  their 
face  are  bimodal,  but  the  probability  of  their  occurrence  by  pure  chance 
is  too  great  to  warrant  their  acceptance  as  evidences  of  species  in 
the  judgments.  On  the  whole,  the  opinions  seem  to  concentrate 
about  a  common  centre  rather  than  to  form  groups. 

If  the  distributions  were  governed  by  pure  chance,  they  would 
always  approximate  to  2  grades  in  each  place.  As  the  frequencies 
are  not  governed  by  pure  chance,  but  presumably  by  the  probability 
distribution  about  a  mode,  we  can  roughly  determine  to  what  ex- 
tent the  variability  we  obtain  is  a  true  variability  for  this  class  of  judg- 
ments. For  example,  in  the  40  judgments  of  Poe's  stories,  it  was 
found  that  the  results  from  20  random  selections  differed  but  little 
from  the  results  of  the  40.  There  would  thus  be  reason  to  believe 
that  the  variability  found  in  the  40  judgments  was  representative 
of  the  amount  of  variability  that  we  might  expect  to  find  in  dealing 
with  judgments  of  this  sort.  It  has  been  suggested  that  in  this  method 
at  least,  the  reliability  increases  much  more  slowly  than  as  the  square 
root  of  the  number  of  cases,  and  may  be  more  accurately  represented 
by  the  mean  variation  itself. 

If  the  factor  of  memory  might  only  be  overcome,  it  would  be 


ORDER,  POSITIONS,  ETC.  9 

well  worth  while  to  compare  with  the  variability  of  many  individuals 
the  variability  of  a  single  individual  from  the  average  of  his  own 
judgments.  This  was  done  by  Cattell  for  a  considerable  number  of 
psychologists.  We  should  then  have  a  measure  of  constancy  in  judg- 
ment that  would  have  a  not  uninteresting  psychological  bearing.  A 
single  judgment  is  subject  not  only  to  error  from  the  average  judgment 
of  other  individuals,  but  from  the  average  judgment  of  the  individual 
himself.  Large  and  small  m.v.'s  may  be  the  product  of  variations 
along  either  of  these  lines.  We  are  all  probably  very  much  surer  of 
our  relative  preferences  for  lobster  Newberg  and  fried  oysters  than  of 
our  preferences  for  Emerson  and  Hawthorne;  yet  these  very  differ- 
ences in  taste  might  produce  as  large  an  m.v.  in  one  case  as  in  the 
other. 

For  some  purposes  of  analysis  the  median  has  seemed  a  better 
measure  than  the  average.  It  was  somewhat  discredited  in  the  results 
of  Cattell,  but  is  of  more  value  here  on  account  of  the  larger  number 
of  measures.  The  average  is  here  also  relatively  less  valid  because 
the  number  of  possible  positions  is  limited  to  ten,  whereas  it  was  there 
in  the  negative  dii«ction  practically  unlimited.  In  the  present  re- 
sults there  is  almost  no  distribution  in  which  the  author  does  not  re- 
ceive a  grade  in  either  first  or  last  place,  and  when  the  grades  are 
banked  up  against  first  or  last  place,  the  average  is  obviously  too  low 
or  too  high,  probably  more  so  than  the  median.  However,  it  is  of 
no  particular  consequence  which  we  use  so  far  as  order  is  concerned, 
for  the  two  orders  are  almost  identical,  the  divei^nces  that  occur 
being  well  within  the  limits  of  chance  variation. 

The  accompanying  tables  give  the  main  results  of  the  experiment 
in  the  median  and  average  order  and  position  of  the  authors  in  general 
merit  and  the  qualities. 

In  general  merit  the  writers  fall  into  three  groups,  separated 
by  considerable  distances,  three  at  the  top,  three  in  the  middle,  and 
four  at  the  bottom.  Between  the  three  at  the  top  there  is  little  diflfer- 
ence  to  speak  of,  between  I  and  II  practically  none  at  alL  The  median 
of  II  is  considerably  higher  than  that  of  I,  and  it  is  very  possible  that 
his  true  position  is  higher  than  I.  Such  constant  error  as  might  result 
from  prejudice  would  perhaps  operate  more  against  II.  Each  has 
six  grades  in  first  place,  and  none  in  last.  It  is  quite  anomalous  that 
the  differences  should  be  greater  in  the  middle  group  than  at  the 
ends;  although  the  p.e.'s  are  not  of  the  smallest  they  fail  to  overlap 
at  all;  the  chances  are  over  16-1  that  the  order  given  is  correct.  The 
narrow  mathematical  limits  of  variability  might  account  in  a  measure 
for  the  small  p.e.'s  at  the  ends,  and  perhaps  also  for  the  small  differ- 
ences in  position,  which  are  equally  striking;  but  only  in  a  small  meas- 
ure, for  this  condition  does  not  obtain  in  the  quality  grades,  nor  in 
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a. 

nu. 

Fi 

?o. 
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Or, 
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By. 

WK 
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Hawthorne 

I. 

2.5 

^.2 

5 

3- 

1-5 

4  5 

i. 

2  7 

a. 7 

3-7 

6.9 

2.9 

Poe 

II. 

2.2 

4  7 

6.1 

i.a 

a. 

23 

1. 

t.2 

3. 

93 

10 

3.1 

Emerson 

in. 

2-7 

67 

9,6 

7-5 

7. 

1-3 

SI 

3 

7  5 

5  5 

as 

6.1 

LoweU 

IV. 

4  5 

4  5 

65 

3  7 

4 

8 

43 

6.1 

6.3 

4 

4- 

4  5 

4  5 

Longfellow 

V, 

5- 

5^ 

3-5 

3-8 

3 

9 

7-7 

6. 

8.1 

41 

3- 

32 
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Irving 

VI. 

6. 

2.1 
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4-5 

4 

7 

8.7 

6. 

6.3 

3*8 

3-5 
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4  3 
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//. 
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II. 
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III. 
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III. 
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V. 

I. 

II. 

II. 

I. 

I. 

I. 
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V. 

III. 
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Other  relative  position  work  that  has  been  done  with  even  smaller 
series  than  10.  Between  the  positions  of  VI  and  VII  is  another  long 
step,  1.4  between  positions,  .8  between  limits  of  p.e.'s,  and  VII 
again  fails  to  overlap  the  p.e.  of  VIII.  From  here  imtil  X's  posi- 
tion at  8.4  the  steps  are  about  equal. 

It  is  thus  seen  that  we  have  no  man  who  is  so  distinctly  at  the 
head  of  American  writers  as  one  is  foimd  among  contemporary  Astrono- 
mers, Psychologists  and  Pathologists.  It  is  perhaps  a  fair  inference 
that  enlargement  of  a  group  may  decrease  differences  at  the  top  by 
bringing  more  of  the  leaders  into  conflict.  There  is  no  doubt  that 
a  certain  department  of  American  letters  could  have  been  foimd 
in  which  III  would  have  reigned  supreme,  and  the  differences  between 
I  and  II  could  have  been  much  increased,  in  either  direction,  by  nar- 
rowing the  field  of  literary  work  to  be  considered.  It  is  beyond  dis- 
pute that  there  would  be  more  disagreement  about  the  order  and  less 
about  the  identity  of  the  five  greatest  poets  of  the  world  than  the 
five  greatest  poets  of  France.  Such  a  condition  is  probably  to  be  ex- 
pected in  all  walks  of  life.  There  is  a  limit  to  the  realization  of  human 
powers  fixed  by  opportimity  and  other  environmental  factors.  "Es 
wird  dafiir  gesorgt,"  says  the  German  proverb,  "dass  die  B^ume 
nicht  in  den  Himmel  wachsen."  If  we  artificially  limited  to  140 
ft.  the  height  of  a  tree  ordinarily  growing  to  150  ft.,  we  should  find 
more  trees  at  140  than  at  135.  It  acts  in  the  same  way  as  any  other 
limitation  of  a  normal  distribution,  crowding  the  extreme  cases  to- 
gether. This  is  probably  a  reasonable  alternative  to  the  supposition 
of  genius  as  a  separate  group. 

Though  the  peculiar  conditions  noted  above  do  not  generally 
obtain  in  the  qualities,  these  present  certain  other  points  of  interest. 
In  Charm  there  is  a  group  slightly  above  the  middle  position,  the  in- 
creases and  decreases  from  which  show  nothing  anomalous.    The 
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author  in  first  place,  VI,  is  ordinarily  noted  for  his  Charm,  and  the 
fact  that  he  is  so  hard  pressed  by  I  may  mean  that  he  is  so  noted  more 
than  he  deserves.  He  is  graded  rather  for  its  prominence  relative 
to  his  own  other  qualities.  Clearness  again  gives  us  two  positions  at  the 
top,  VI  and  V,  and  widely  separated  from  the  next  five,  who  form 
the  largest  single  group  in  the  results.  The  p.e.'s  are  imusually 
large.  It  is  also  peculiar  that  the  lowest  individual  in  the  quality 
III,  has  also  the  largest  p.e.  in  it,  the  only  case  among  the  qualities 
where  the  last  p.  e.  is  not  smaller  than  the  average. 

Euphony  has  one  of  the  widest  ranges  and  is  among  the  smallest 
p.e.^s.  The  leader,  II,  and  the  last,  X,  are  a  long  distance  from  any 
of  their  fellows,  while  the  remainder  fall  into  two  groups,  the  upper 
of  five  and  the  lower  of  three,  separated  by  an  interval  of  nearly  a 
place.  The  distribution  in  Finish  is  a  composite  of  those  in  Clear- 
ness and  Euphony,  there  being  two  leaders,  I  and  II,  and  a  distinct 
last  place,  X,  as  in  Clearness,  without  the  closely  packed  group  of  that 
quality.  Force  again  has  a  distinct  leader.  III,  but  the  remainder 
trail  behind  with  no  characteristic  variations  in  successive  distance. 
The  same  is  true  of  Imagination  except  that  there  are  two  leaders, 
II  and  I,  though  the  difference  between  them  is  itself  not  inconsidera- 
ble. There  is  a  marked  group  as  in  Clearness,  but  here  centered 
at  a  position  lower  than  the  average.  In  Originality  the  first  four 
positions,  II,  I,  III,  and  VIII,  are  established  well  beyond  the  limits 
of  p.e.  Then  comes  a  closely  packed  group  of  four,  and  separated 
from  these  by  an  interval  of  about  a  place  are  the  two  lowest  posi- 
tions. The  distribution  is  quite  similar  to  that  of  Imagination. 
Proportion  resembles  so  closely  the  distribution  of  Charm  that  the  same 
may  be  said  of  them  in  essential,  save  that  in  Proportion  there  is  not 
so  distinct  a  grouping.  In  Sympathy,  whose  range  is  also  of  the  small- 
est, the  p.e.'s  all  overlap  save  for  the  considerable  break  between 
6th  and  7th  positions.  In  Wholesomeness  the  first  nine  are  distribu- 
ted over  a  very  small  range,  and  the  tenth — II  in  general  merit — 
brings  up  the  rear  with  the  largest  difference  and  one  of  the  smallest 
p.e.'s  of  the  results.  The  final  figure  gives  the  average  position 
and  average  p.e.  of  each  place  in  the  above  qualities,  irrespective  of 
the  author  holding  it.  The  first  and  second  positions  are,  as  a  rule, 
determined  with  some  certainty,  as  is  also  the  last.  In  all  the  re- 
mainder the  p.e.'s  show  a  slight  and  very  constant  overlapping. 

The  p.e.'s  have  been  calculated  by  the  simple  formula  advocated 

.845  A.  D. 
in  Catteirs  Statistics  of  American  Psychologists,  L  e.,  p.e.  =       .  __, — 

They  are,  as  has  been  noted,  probably  smaller  than  is  representative 
of  the  actual  reliability  of  the  determinations.  It  will  be  noted,  how- 
ever, that  they  are  quite  consistently  larger  in  the  qualities  than  for 
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general  merit.  This  may  be  taken  to  mean  that  we  really  differ 
less  in  personal  opinion  about  a  general  attribute  than  about  its  con- 
stituents, or  that  in  these  constituents  there  are  likely  to  be  smaller 
differences  than  in  general  attributes.  Judgment  of  general  merit 
may  be  more  variable  than  judgmsnt  of  special  merit,  and  general 
merit  may  itself  be  more  variable  than  special  merit.  Under  the  pres- 
ent circumstances,  however,  we  seem  to  have  a  fairly  complete  list 
of  qualities,  of  which,  on  the  former  supposition,  some  should  be  more 
variable,  some  less  variable  than  their  total.  As  a  matter  of  fact, 
the  quality  grades  are  all  more  variable  than  those  in  general  merit, 
which  seems  to  point  to  the  latter  interpretation  as  the  more  valid 
one,  especially  when  we  consider  that  the  average  difference  in  con- 
secutive position  (A.D.P.)  is  in  but  five  cases  out  of  ten  greater  in 
the  qualities  than  in  general  merit.  The  fact  seems  to  be  that  the 
differences  are  more  variable  in  the  qualities;  the  median  difference 
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In  position  would  here  be  smaller.  The  extreme  p.e.'s  are  also  smaller 
in  the  qualities  than  in  general  merit.  In  certain  isolated  cases, 
as  that  of  II  for  Wholesomeness,  it  seems  that  judgment  is  surer  than 
for  general  merit,  but  it  may  also  go  farther  astray,  and  is  usually 
less  accurate  than  for  generalities. 

It  is  a  not  uncommon  observation  that  we  often  form  judgments 
for  which  we  cannot  give  satisfactory  reasons,  and  it  is  perhaps  not 
less  common  to  observe  that  these  judgments  are  about  as  likely  to 
be  correct  as  those  for  which  we  can.  To  this  empirical  generaliza- 
tion the  above  figures  seem  to  lend  experimental  support.  We  are 
more  accurate  in  our  opinions  than  in  our  reasons  for  them. 

The  p.e.'s  are  of  some  interest  in  themselves,  quite  apart  from 
the  positions  to  which  they  attach.  On  a  scale  of  .05  they  are  dis- 
tributed as  follows: 

.10    .15    .20    .25    .30    .35    .40    .45    .50    .55    -60 
26       6     17     28     13     10       7       3      2       I    Av.  .34  m.v.  .079 
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The  largest  and  smallest  p.e.'s  are,  as  has  been  noted,  those  of 
III  in  Proportion  and  II  in  Imagination  and  Originality.  The  dis-^ 
tribution  is  skewed  toward  the  small  end,  indicating,  if  anything,  a 
sort  of  psychological  limit  in  variability,  just  as  we  assiune  a  physio- 
logical limit  of  quickness  to  account  for  similar  distributions  in  reac- 
tion time.  This  would  probably  be  determined  by  the  individual'^ 
chance  variations  from  his  own  judgments.  Even  if  there  were  com- 
plete agreement  of  the  average  opinions  of  the  individuals  we  should 
not  get  p.e.'s  of  .0,  because  no  single  measure  would  give  us  this  aver- 
age. 

The  distribution  is  quite  regular,  with  no  surface  indications, 
of  species,  but  analysis  makes  it  rather  probable  that  they  exist. 
Each  of  the  p.e.'s  represents  roughly  the  acciuracy  with  which  one  of 
the  authors  can  be  graded  in  one  of  the  qualities.  We  should  natur- 
ally expect  that  some  authors  would  be  more  accurately  graded  than 
others.  On  comparing  the  average  p.e.'s  of  the  authors'  quality 
grades  we  find  an  order  fairly  distinct,  though,  of  course,  it8elf  sub- 
ject to  a  large  p.e.  II  is  the  author  about  whom,  wherever  he  is  placed, 
there  seems  to  be  the  least  all-roimd  disagreement;  the  average  of 
his  p.e.'s  is  only  .27.  On  the  other  hand,  there  is  the  greatest  dis- 
cord about  his  neighbor.  III,  his  corresponding  figure  being  .42.  The 
complete  order  of  accuracy  in  which  the  qualities  of  the  authors  are 
estimated  is  II,  I,  X,  IX,  VI,  VII,  V,  IV,  VIII,  III.  As  will  be  seen, 
this  order  bears  no  direct  relation  to  that  of  general  merit,  but  we  do 
have  a  logical  result  in  there  being  the  least  disagreement  about  those 
at  the  ends  of  the  list.  Such  a  fact  indicates  that  there  is  no  great 
difference  in  information  about  the  authors  as  related  to  their  posi- 
tions. As  it  is  fair  then  to  assume  that  we  know  nearly  as  much 
about  the  last  man  as  about  the  first,  we  probably  know  approx- 
imately as  much  about  those  in  the  middle,  their  higher  p.e.'s  being  due 
to  more  marked  differences  of  opinion  about  them. 

A  curious  sidelight  upon  this  situation  is  thrown  by  the  fact 
already  brought  out  in  the  last  of  the  diagrams  referred  to  on  p.  15. 
An  analogous  result  is  obtained  from  the  average  of  the  p.e.'s  taken 
in  respective  order.  That  is,  if  we  average  all  the  p.e.'s  of  the  first 
positions  in  the  qualities,  then  those  of  all  the  second  positions,  etc.,. 
we  obtain  a  quite  regular  increase  at  the  middle  and  decrease  at  the 
ends.  This  can  not  be  called  surprising  in  view  of  the  results  men- 
tioned in  the  preceding  paragraph,  but  it  is  hardly  what  should  have 
been  expected  a  priori.  It  is  as  though  we  had  in  these  authors 
stumbled  upon  a  range,  or  grouping  of  excellence  in  the  literary 
qualities.  The  artificial  limits  of  the  p.e.  do  not  seem  to  suffice  for 
the  facts.  This  is  a  result  contrary  to  that  given  in  the  positions  of 
general  merit,  in  which  differences  were  greatest  in  the  middle.     la 
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respect  to  the  qualities,  the  authors  seem  to  form  a  group,  their  rela- 
tive positions,  of  course,  differing  widely  for  each  quality.  In  respect 
to  the  direct  general  merit  grades  they  can  be  considered  only  as 
part  of  a  group  or  as  three  sub-groups.  The  discrepancy  may  be  ac- 
counted for  by  the  wide  range  in  importance  of  the  qualities  and  the 
lack  of  correlation  between  them. 

In  the  same  way  as  with  the  authors,  we  should  also  expect  it  to 
be  possible  to  grade  certain  qualities  more  accurately  than  others. 
Comparing  the  averages  of  the  p.e.^s  for  the  qualities,  we  see  that 
this  is  to  some  extent  the  case,  though  the  range  is  not  so  large  as  with 
the  authors.  The  most  accurately  graded  of  the  qualities  has  an 
average  p.e.  of  .307,  the  least  one  of  .413,  the  order  being  Euphony, 
Finish,  Imagination,  Originality,  Force,  Proportion,  Sympathy, 
Charm,  Wholesomeness,  Clearness.  The  size  of  this  average  p.e. 
corresponds  generally  to  the  A.D.P.  of  the  authors  in  the  various 
qualities;  where  the  p.e.  is  smallest,  the  A.D.P.  is  greatest,  as  we  should 
expect.  It  would  seem  almost  tautological  to  say  that  the  accuracy 
with  which  differences  were  perceived  would  be  dependent  on  their 
size. 

However,  this  does  not  seem  to  be  necessarily  the  case,  as  is 
showTi  in  the  results  of  Cattell.  We  may  have  equal  differences  in 
position  with  miequal  p.e.'s,  and  equal  p.e.'s  attached  to  very  unequal 
differences  in  position.  Though  it  would  hardly  make  much  differ- 
ence in  the  upper  ten  positions,  the  cases  most  comparable  are  those 
in  which  an  equal  number  of  workers  are  considered.  Such  cases 
occur  between  Physics-Zoology,  Botany-Geology,  and  Astronomy- 
Psycholog>\  The  relations  of  the  p.e.  to  the  A.D.P.  are  in  these  cases 
as  follows: 

Phys.    Zool.  Bot.       Geol.  Ast.    P»ych. 

A.D.P.  first  ten  positions  1.2       1.2         1.05       1.75  .8         .93 

Av.   p.e.  first  ten  positions        3.2        1.6         1.54       1.6  .6         .8 

The  size  of  the  p.e.  seems  to  a  certain  extent  independent  of 
the  differences  in  position.  The  A.D.P.  of  the  first  ten  botanists  is 
less  than  that  of  the  first  ten  geologists,  but  the  graders  of  the  geolo- 
gists are  slightly  less  reliable  than  those  of  the  botanists.  It  seems, 
on  the  one  hand,  that  individuals  may  differ  more,  yet  on  the  other 
hand  it  may  be  impossible  to  estimate  the  differences  with  so  great 
precision.  It  would  hardly  be  profitable  to  discuss  the  conditions 
of  such  a  relationship  save  upon  the  basis  of  empirical  analysis,  for 
which  the  small  ranges  obtained  in  the  present  study  hardly  afford 
sufficient  material.  The  variability  of  individual  gradings  might 
also  be  an  essential  factor.  It  is  evident,  however,  that  neither  figure 
alone  expresses  the  sum  total  of  the  differences.  Professor  Cattell 
has  employed  a  correction  for  the  range,  which  gives  the  various  p.e.'s 
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more  strictly  comparable  values.  The  relationship  mi^t  also  be 
expressed  in  terms  of  the  ratio  of  the  p.e.  to  the  A.D.P.  This  would 
furnish  a  rough  index  of  the  adaptability  of  dififeient  problems  to  meas- 
urement by  relative  position.  The  general  ratio  of  p.e.  to  A.D.P. 
in  the  present  determinations  is  about  1:2;  taking  the  p.e.  in  its 
literal  interpretation  this  would  mean  that,  by  and  large,  we  could 
measure  such  differences  as  these  with  a  chance  of  but  1  in  16  that 
any  single  consecutive  order  was  incorrect. 

It  will  be  observed  that  the  p.e.'8  obtained  in  the  study  by  Cattell 
are  somewhat  larger  than  those  here  presented.  One  cause  appears 
at  first  glance,  the  twenty  judgments  of  the  authors  as  against  the  ten 
of  the  men  of  science.  But  the  p.e.'s  of  ten  random  selections  are  also 
smaller  as  is  also  the  m.v.  Only  the  first  ten  Astronomers,  Anthro- 
pologists, Physiologists  and  Psychologists  have  p.e.'s  that  approach 
in  smallness  those  of  the  literary  men.  This  cannot  be  wholly  ascribed 
to  the  limitations  of  position  in  the  lower  grades.  To  what  extent 
differences  in  the  selection  of  the  groups  can  be  held  to  account  for 
the  disparity  may  also  be  questioned.  If  we  took  the  whole  thousand 
American  men  of  science  as  one  group  we  do  not  know  whether  the 
differences  in  the  first  ten  would  be  larger  or  smaller  than  in  the  first 
ten  authors.  It  is  true  that  there  are  alwa3rs  more  writers  than  men 
of  science,  but  abler  men  may  be  drawn  to  the  sciences  and  especially 
would  this  be  the  case  near  the  top,  though  it  is  improbable  that  the 
psychological  limit  of  worthlessness  is  so  low  in  science  as  in  litera- 
ture. Opportunity  probably  counts  for  less  in  letters  than  in  science, 
and  the  literary  writer  seems  to  be  a  more  specialized  type.  Then 
too,  in  the  course  of  classifying  the  men  of  science  into  twelve  groups,  we 
might  find  that  the  differences  at  the  top  of  each  group  were  smaller 
than  at  the  top  of  the  total  of  the  groups.  It  is  hardly  possible  to  say 
whether  the  fact  that  only  living  men  are  included  should  make  the 
differences  smaller  or  larger. 

A  priori,  we  should  perhaps  expect  that,  with  equal  differences, 
the  grading  would  be  easier  for  the  scientific  than  for  the  literary  men 
on  account  of  the  greater  objectivity  of  scientific  work,  and  be- 
cause the  graders  were  selected  with  special  reference  to  their  knowl- 
edge of  this  work.  We  might  expect  individual  taste  to  effect  greater 
variability  in  the  authors.  But  it  is  the  natural  reply  that  the  literary 
graders  were  trained  in  making  just  this  sort  of  judgments,  and  that 
all  the  training  that  the}*^  received  made  directly  for  greater  unanimity. 
This  is,  of  course,  a  disturbing  factor,  but  its  importance  could  be 
easily  exaggerated.  For  example,  it  may  be  questioned  whether 
the  graders  had  received  special  training  in  judging  the  relative  merits 
of  VII  and  IX  or  the  relative  euphoniousness  of  IV  and  V,  though 
there  is  no  abnormal  disagreement  in  either  case.    Previous  training 
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doubtless  contributed  to  II's  first  place  in  Originality,  but  it  will  be 
noted  that  the  p.e.'s  are  not  necessarily  smaller  where  previous  train- 
ing would  naturally  be  supposed  to  have  made  for  most  unanimity 
of  judgment.  In  fact  there  seems  to  be  little  reason  why  these  judg- 
ments should  not  be  regarded  as  equally  naive  with  those  of  the 
men  of  science. 

To  compare  the  literary  with  the  scientific  p.e.'s  on  the  basis 
of  Cattell's  Table  IV  would  be  a  very  hazardous  task,  in  view  of  the  ad- 
mittedly imsettled  character  of  the  h3rpothesis  upon  which  this  ar- 
rangement is  based,  i.  €.,  that  the  range  of  ability  is  the  same  in  each 
science.  If  the  upper  ten  men  of  science  were  graded  by  judges  with 
proportioned  knowledge  of  their  work  the  first  three  would  hardly  have 
p.e.'s  of  .0,  as  it  is  of  course  necessary  to  assign  to  them  here;  the  re- 
maining p.e.'s  would  necessarily  be  much  smaller,  but  it  is  imprac- 
ticable even  to  guess  at  their  relation  to  the  literary  p.e.'s. 


II.  QUALITY  ANALYSIS. 

If  our  list  of  literary  qualities  were  entire,  and  offered  a  com- 
plete analysis  of  all  kinds  of  literary  merit,  the  sum  of  the  grades 
of  an  author's  qualities,  properly  weighted,  should  give  an  exact  cor- 
respondence to  his  grades  in  general  merit.  It  is  of  course  imprac- 
ticable to  approach  the  problem  in  this  way,  it  being  attempted  merely 
to  cover  the  field  as  well  as  possible  with  ten  qualities.  How  well 
they  cover  the  field  of  general  merit  is  measured  by  the  degree  of  their 
correspondence  with  the  direct  grades  in  general  merit.  The  list  may 
also  cover  one  author's  qualities  more  completely  than  another's; 
in  this  case  the  former's  grades  would  approximate,  the  latter's  would 
diverge  from  the  general  merit  grade.  If  there  had  been  omitted  from 
the  list  some  important  quality  in  which  an  author  stood  well,  his 
grade  in  general  merit  would  be  higher  than  the  sum  of  his  grades 
in  the  qualities.  If  it  were  one  in  which  he  stood  poorly,  this  sum 
would  be  unfairly  advantageous  to  him.  On  account  of  the  fact 
that  the  relative  difference  in  the  importance  of  the  qualities  is  so 
great,  and  that  an  inordinately  high  or  low  grade  in  certain  qualities 
may  fall  to  a  poor  or  good  author,  the  median  is  a  better  measure 
in  this  case  than  the  average,  because  it  tends  to  automatically  weight 
the  significance  of  the  qualities.  As  before,  there  is  no  essential  differ- 
ence between  the  two,  but  the  median  should  give  in  general  a  fairer 
representation  of  the  truth  (see  General  Table,  cols.  M.  of  M.  and 
Av.  of  Av.). 

With  two  ex,ceptions  to  the  median  and  three  to  the  average 
order  the  correspondence  is  complete.  Ill  receives  a  much  lower 
grade,  IV  a  slightly  lower  grade  in  the  median  of  their  qualities  than 
should  \yc  the  case.  A  very  satisfactory  analysis  of  the  other  authors 
is  afforded,  but  the  omission  of  certain  qualities  has  done  III  and  IV 
an  injustice.  In  the  case  of  III  this  was  anticipated  in  the  arrangement 
of  the  experiment.  The  intellectual  appeal  plays  but  a  minor  part,  in 
the  list  of  qualities,  and  it  is  precisely  here  that  III  is  generally  sup- 
posed to  be  supreme.  It  is  probable  that  the  lesser  displacement  of 
IV  is  also  due  to  this  cause.  The  list  could  j>erhaps  l^e  improved  by 
substituting  for  one  of  the  qualities  something  that  would  cover  the 
intellectual  appeal.  In  view  of  the  results  obtained,  the  number  of 
qualities  ought  hardly  to  be  increased.  Ten  seems  to  cover  the  situa- 
tion as  completely  as  is  necessary.  Whether  this  would  lie  the  case 
in  more  complicated  work,  as  with  human  character  and  tempera- 
ment, is  not  determined.  The  published  character  analysis  blanks 
generally  contain  a  much  larger  numter  than  this.  Personalh',  I 
am  inclined  to  think  that  ten  would  suffice.     For  practical  purposes 
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this  problem  would  not  be  quite  so  complex.  We  should  rather  wish 
to  know  a  person's  standing  in  a  certain  quality  for  itself,  irrespec- 
tive of  its  relation  to  the  general  complex  of  character. 

It  is  possible  by  various  devices  to  measure  the  degree  of  corre- 
spondence between  the  judgments  in  general  merit  and  those  in  the 
qualities.  Some  qualities  are  found  to  depart  almost  twice  as  much 
as  others  from  the  general  determinations.  In  an  entirely  empirical 
sense,  this  degree  of  correspondence  may  be  interpreted  as  furnishing 
a  measure  of  the  relative  importance  of  any  of  the  given  qualities  in 
determining  the  author's  position  in  general  merit.  From  the  present 
data  it  would  probably  be  unjust  to  infer  that  any  of  the  qualities 
named  was  an  active  disadvantage  to  an  author,  or  that  there  were 
likely  to  be  any  striking  correlations  between  the  different  qualities 
themselves. 

While  the  results  of  the  determinations  appear  applicable  to  this 
particular  group  of  authors,  their  value  as  general  measures  of  rela- 
tive importance  would  depend  on  the  supposition  that  the  ranges  in 
the  various  qualities  were  somewhere  near  the  same.  There  is  perhaps 
no  particular  reason  why  they  should  be  the  same,  and  to  a  certain 
extent  differences  would  be  indicated  in  the  positions  and  p.e.'s  them- 
selves. For  example.  Charm  might  not  be  a  particularly  important 
trait,  yet  it  might  be  so  absolutely  preeminent  in  an  author  that  it 
raised  his  general  position  higher  than  it  should.  The  differences 
in  the  ranges  as  indicated  by  the  figures  given  do  not,  however,  seem 
to  be  such  as  to  render  the  calculations  less  worth  while.  And  such 
confidence  in  their  validity  as  might  be  derived  from  further  analysis 
of  the  results  themselves,  one  of  the  methods  at  least  does  not  fail 
to  give. 

There  is  a  possibility  of  one  rather  distiurbing  constant  error  in 
measures  of  this  nature,  whose  extent  it  is  never  possible  to  know 
accurately.  There  is  noted  introspectively  a  tendency  to  grade  for 
general  merit  at  the  same  time  as  for  the  qualities,  and  to  allow  an 
individual's  general  position  to  influence  his  position  in  the  qualities. 
This  would  be  the  case  especially  in  the  case  of  those  qualities  that 
were  ill-defined  in  the  minds  of  the  subjects,  and  tended  to  be  inter- 
preted rather  in  terms  of  general  merit.  We  might  thus  have  a  grad- 
ing of  Charm  by  general  merit  instead  of  general  merit  by  Charm. 
This  would  make  the  correspondences  of  such  qualities  appear  closer 
than  they  were.  It  probably  does  not  play  any  serious  part  save  per- 
haps wath  Proportion.  It  may  also  contribute  to  the  high  position 
of  Finish,  but  it  is  difficult  to  see  how  it  could  have  been  avoided. 

The  results  of  the  calculations  by  the  various  methods  to  be 
described  are  given  in  the  accompanying  table. 
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A.    Ind.  Dis. 

B.  Med.  Dis. 

C.  Rel.  to  Med. 
of  Med.  and 

D.  Med.  ik 

S,Ste 

Med.ofG.M. 

Uke  signs. 

ofp.e.*s. 

Ord. 

Pos. 

P.B. 

Ord. 

Pos. 

Ord. 

P08. 

Ord. 

Poa. 

Ord. 

Pos. 

Fi. 

I. 

12.2 

.7 

II. 

6 

I. 

7 

I. 

8 

I. 

•307 

Eu. 

II. 

12.7 

.7 

I. 

7 

II. 

7 

II. 

8 

II. 

3" 

Or. 

III. 

13-4 

.6 

IV. 

10 

III. 

7 

V. 

8 

IV. 

.320 

Im. 

IV. 

14. 

.9 

V. 

II 

IV. 

6 

VI. 

8 

in. 

.322 

Pr. 

V. 

14.6 

.8 

III. 

13 

V. 

6 

IX. 

7 

VI. 

.328 

Fo. 

VI. 

14-7 

.8 

VI. 

14 

VIII. 

6 

III. 

6 

vn. 

.363 

Ch. 

VII. 

15.5 

.8 

VII. 

17 

VI. 

4 

rv. 

6 

V. 

.365 

Sy. 

VIII. 

19.6 

.8 

IX. 

18 

VII. 

4 

VII. 

6 

VIII. 

.369 

Wh. 

IX. 

20.9 

.8 

VIII. 

19 

IX. 

2 

VIII. 

5 

IX. 

376 

a. 

X. 

22.7 

I.O 

X. 

20 

X. 

I 

X. 

4 

X. 

.413 

Thus  the  average  number  of  displacements  per  individual  is  12.7  in  Eu.,  15.5  in  Ch., 
etc.,  but  the  number  of  displacements  for  the  median  grades  of  the  group  is  7  for 
Fi.,  18  for  Wh.,  etc. 

The  general  average  of  the  individual  displacements  is  16.1  with  an  m.v.  of  5.1, 
the  distribution  of  the  entire  200  series  of  di^lacements  being  as  follows: 

4  6  8  10  12  14  16  18  20  22  24  26  28  30  38 
7  7  17  21  19  30  20  25  14  14   7   9   5   4   I 

The.  distribution  is  again  skewed  to  the  small  end,  like  that  of  the  p.e.'s.  and  prob- 
ably for  the  same  reason,  ».  e.,  limit  of  individual  accordance. 

A  rough  determination  of  the  standards  by  which  our  20  graders 
judged  as  a  group  may  be  rapidly  arrived  at  by  simply  making  a  table 
in  which  a  +  sign  is  attached  to  every  case  in  which  the  quality  grade 
of  an  author  is  on  the  same  side  of  the  median  of  the  grades  in  that 
quality  as  the  author's  grade  is  on  the  side  of  the  median  of  general 
merit.  A  —  sign  means  that  the  quality  grade  and  the  grade  in  gen- 
eral merit  are  on  different  sides  of  their  respective  medians.  Thus  I  in 
general  merit  is  also  high  in  Charm,  and  for  this  quality  receives  a  + 
sign.  But  he  is  low  in  Wholesomeness,  and  in  this  receives  a  —  sign. 
Then  the  quality  in  which  the  greatest  number  of  +  signs  is  foimd  is 
that  quality  in  which  an  author  oftenest  stands  in  a  position  analogous 
to  his  place  in  general  merit.  As  will  be  seen,  high  and  low  positions 
in  general  merit  have  usually  gone  with  high  and  low  positions  in 
Euphony,  Finish,  and  Imagination,  but  only  once  has  this  been  the 
case  in  Clearness   (Table,  col.  C). 

Correlations  by  %  of  like  signs  were  applied,  but  the  results  were 
very  inferior  to  those  obtained  by  the  other  methods,  as  shown  in 
column  D.  It  shows  just  enough  agreement  to  demonstrate  its  in- 
exactness. While  well  adapted  for  certain  sorts  of  work  and  the  only 
method  for  ciu^ory  observation  of  individual  relationships,  it  does 
not  seem  to  operate  satisfactorily  in  the  correlation  of  orders. 

It  would  be  diflScult,  however,  to  find  a  correlation  method  more 
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admirably  adapted  to  all  relative  position  work  than  the  measure  of 
displacements  devised  by  Professor  Woodworth.  In  any  order  of 
10  positions,  such  as  we  have  here,  to  produce  an  exactly  reverse 
order  (i.  e.,  correlation  — 100%  Pearson)  would  require  46  displace- 
ments. X  being  above  9  that  he  should  be  below  gives  9  displace- 
ments, IX  above  8  that  he  should  be  below  gives  8,  etc.,  total  45. 
Orders  that  had  no  reference  to  the  standard  would  center  about  22 
and  23  displacements,  while  the  fewer  the  displacements  the  higher 
the  positive  correlation.  For  comparative  purposes  the  displace- 
ments may  be  expressed  in  percentile  relation. 

There  have  been  determined  by  this  method  the  niunber  of  dis- 
placements from  the  order  of  general  merit  given  by  the  order  in  each 
of  the  qualities  (see  Table,  col.  B).  This  is  a  rapid  means  of  reaching 
a  generally  reliable  conclusion,  and  is  much  more  exact  than  that  af- 
forded by  the  relation  of  the  individual  positions  to  the  general  median. 
It  is  as  yet  impracticable,  however,  to  assign  a  workable  p.e.  in  such 
determinations  and  for  this  purpose  I  undertook  the  calculation  of 
the  displacements  of  each  quality  as  given  by  each  individual  grader 
from  the  order  of  general  merit  as  given  by  that  individual.  The 
order  of  correspondence  thus  obtained  has  been  taken  as  the  standard 
(col.  A),  as  it  seems  to  possess  a  measurable  and  not  inconsiderable 
degree  of  validity.  According  to  the  graphic  representation  the  posi- 
tions and  p.e.'s  are  as  follows: 


il    Hi    IV    <r  A    17    19    n   !•    u    >»   H   >» 

The  p.e.'s  of  the  average  displacements  are  larger,  yet  the  differ- 
ences are  usually  distinct  within  two  places.  The  steps  are  about 
equal  for  the  first  seven  qualities,  and  then  we  find  a  considerable 
gap  to  the  last  three, -whose  p.e.'s  are  larger,  as  those  at  the  top  are 
smaller.  Some  traces  of  this  gap  are  discernible  in  the  results  by 
the  cruder  methods.  Indeed  not  the  least  reason  for  confidence  in  these 
orders  is  the  correspondence  they  maintain.  The  B  and  C  orders  are 
practically  the  same  while  the  very  coarsely  determined  D  order 
keeps  well  on  the  positive  side.  The  sum  of  these  orders  is  prac- 
tically that  given  by  the  standard. 

The  above  orders  are  all  measiu^s  of  the  same  general  thing, 
between  which,  provided  they  were  valid  in  principle,  a  certain  cor- 
respondence would  be  mathematically  necessary.  A  still  closer  cor- 
respondence, however,  is  foimd  with  an  order  mathematically  by  no 
means  so  well  associated  with  the  degree  of  correspondence,  namely, 
the  size  of  the  p.e.'s  discussed  on  p.  16,  and  whose  table  is  reproduced 
in  col.  E.    It  will  be  noted  that  the  order  of  relative  importance  of 
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the  qualities  corresponds  to  the  order  in  size  of  the  average  p.e.  with 
but  three  displacements.  A  certain  amount  of  this  must  indeed  be 
ascribed  to  happy  chance,  for  the  differences  in  the  p.e/s  are  often 
infinitesimal,  and  were  there  actually  perfect  correspondence  the  pres- 
ent methods  would  be  far  too  coarse  to  detect  it  siu^ly.  So  far  as  the 
results  go,  the  qualities  that  we  tend  to  judge  an  author  by  are  also 
those  that  we  tend  to  grade  with  the  greater  accuracy.  It  is  perhaps 
not  unnatiural  that  the  traits  about  which  we  have  the  most  assurance 
should  also  be  those  that  we  regard  as  the  most  important.  The 
close  correspondence  of  the  two  may  itself  be  in  the  nature  of  an  argu- 
ment for  their  validity. 

The  method  measures  directly  an  author^s  possession  of  a  quality 
with  reference  to  other  authors.  Indirectly  an  idea  may  be  obtained 
of  the  prominence  or  absence  of  a  quality  relative  to  the  other  quali- 
ties of  his  own  work.  Aside  from  such  errors  as  would  be  due  to 
differences  in  the  ranges,  etc.,  he  is  likely  to  have  more  of  a  quality 
in  which  his  position  is  higher  than  of  one  in  which  his  position  is 
lower.  Thus  I,  who  has  a  median  of  2.1  in  Imagination,  but  one  of 
6.9  in  Wholesomeness,  is  probably  more  imaginative  than  he  is  whole- 
some. A  table  may  be  constructed  in  which  a  plus  sign  is  given  to  those 
quality  grades  which  are  at  the  same  time  both  above  the  author's 
median  of  medians  and  the  general  median  of  the  grades  in  that  quality, 
this  last  always  falling  somewhere  in  the  neighborhood  of  5.5.  Minus 
is  assigned  to  those  grades  which  fall  at  the  same  time  hdow  the  author's 
median  of  medians  and  the  general  median  of  the  quality,  and  a 
zero  sign  goes  to  those  which  fall  between  the  two.  Other  things 
being  equal,  a  +  sign  then  goes  to  the  qualities  that  are  relatively 
prominent,  a  —  sign  to  those  that  ails  absent,  and  zero  to  those  which 
are  inconspicuous  one  way  or  the  other.  Such  a  table  contains  35 
+  signs,  27  —  signs,  and  38  zero  signs.  The  figure,  however,  has 
little  significance  save  when  it  refers  to  a  prominent  quality  in  a  low 
author  or  a  lacking  quality  in  a  high  one.  The  following  are  in  order 
the  two  highest  and  the  two  lowest  quality  grades  received  by  each 
author;  i.  e.,  the  two  qualities  for  which  his  work  is  presumably  the 
most  and  the  least  distinguished. 
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III.  ON   THE   VALIDITY   OF    INDIVIDUAL   JUDGMENT    AS 
MEASURED  BY  DEPARTURE  FROM  AN  AVERAGE. 

If  we  took  a  series  of  graduated  weights,  and  asked  a  number 
of  persons  to  serially  arrange  them  in  order  of  their  apparent  heavi- 
ness, we  should  find,  if  the  differences  between  the  weights  were  suffi- 
ciently small,  that  no  one  could  save  by  chance  arrange  them  in  cor- 
rect order,  but  that  there  would  always  be  more  or  less  displacement. 
The  person  whose  arrangement  showed  the  least  displacement  would 
approximate  closest  to  the  true  order,  and  we  should  therefore  con- 
sider him  to  have  the  most  accurate  judgment  for  weight.  Now 
assuming  that  the  distribution  of  all  the  errors  made  followed  that 
of  the  probability  curve,  we  should  find  that  the  errors  compensated 
and  that  the  average  order  in  which  the  weights  were  placed  would 
also  be  very  close  to  the  correct  order,  closer  probably  than  that 
of  the  best  individual,  though  the  average  number  of  displacements 
might  be  considerable.  In  estimating  the  accuracy  of  our  subjects' 
judgments  of  weight,  it  would  make  little  or  no  difference  whether  we 
took  as  the  true  order  the  actual  order  of  heaviness  as  measured  on 
the  scales,  or  took  the  average  order  as  the  standard.  Theoretically, 
each  would  give  us  the  same  result. 

But  there  are  many  important  qualities,  and  indeed  those  most 
adaptable  to  measurement  by  relative  position,  whose  differences 
we  cannot  determine  in  this  objective  way.  The  question  then  arises, 
are  we  also  here  justified  in  taking  the  truth  of  the  average  order  as 
objective,  and  measuring  the  value  of  a  judgment  according  to  its 
deviation  from  it?  For  clearly  unless  our  average  approximates 
to  some  objective  validity,  the  absolute  value  of  a  single  judgment  is 
not  measured  by  the  amount  of  its  deviation  from  it.  To  recur  to 
our  weights,  suppose  we  heated  and  cooled  the  weights  to  varying 
degrees  before  presenting  them  to  all  save  one  of  our  subjects,  and 
to  him  presented  them  at  equal  temperatures.  The  subjects  would 
all  feel  the  colder  weights  as  heavier,  and  the  average  order  would 
not  he  the  objectively  true  one,  and  the  order  of  the  subject  perceiv- 
ing the  weights  under  equal  conditions  might  well  be  the  farthest 
from  the  average.  Our  two  groups  would  give  us  different  results 
because  they  were  judging  from  different  standards. 

It  is  just  this  condition  that  must  be  guarded  against  in  those 
measurements  where  an  average  order  is  all  that  we  have  to  guide 
us.  We  have,  a  'priori,  no  objective  measure  of  the  varying  stand- 
ards by  which  the  individuals  judge.  Still  less  do  we  know  the  rela- 
ive  values  of  the  standards  themselves.     In  the  case  of  the  weights 
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we  know  the  differing  nature  of  the  standards,  and  can  allow  for 
them;  but  if  we  did  not  know  them  the  judgment  of  the  single  subject 
would  still  be  the  most  useful  for  us.  Practise  will  overcome  many 
illusory  standards  of  judgment  to  which  normal  persons  are  subject^ 
and  I  should  hardly  have  the  right  to  assert  my  judgment  of  direc- 
tion to  be  superior  to  that  of  Professor  Judd  because  I  was  nearer 
the  average  than  he  in  amount  of  subjection  to  the  Zollner  illusion. 

In  the  measurement  of  mental  traits  by  relative  position  we 
have  thus  two  factors  that  tend  to  cause  individual  deviation  from 
the  average,  namely  the  absolute  inaccuracy  of  the  judgment,  the 
direction  of  whose  errors  will  be  variable,  and  a  differing  standard 
from  other  members  of  the  group,  the  direction  of  whose  errors  will 
be  constant,  at  least  throughout  the  individual.  We  must  know  the 
exact  nature  of  the  deviations  due  to  these  two  causes  before  we  can 
estimate  the  values  of  the  judgments.  We  must  also  know  the  value 
of  the  standards,  for  it  is  possible  that  the  opinion  of  a  very  accurate 
judge  by  one  set  of  standards  might  be  of  smaller  value  than  that  of 
a  less  accmttte  judge  by  another.  We  must  show  cause  why  a  person 
who  judges  literary  work  by  its  clearness  must  have  ipso  facto  a  poorer 
judgment  than  one  who  judges  it  by  its  imagination. 

It  is  possible  that  in  the  estimation  of  scientific  merit,  where 
this  method  foimd  its  first  application,  there  would  be  more  unanim- 
ity in  the  standards  of  judgment,  yet  there  are  some  divergences 
from  this  cause,  since  there  was  an  observed  tendency  for  graders 
to  give  disproportionately  high  position  to  men  engaged  in  the  same 
special  work  with  them  and  to  their  own  immediate  colleagues.  The 
method  has  here  been  applied  only  to  the  first  fifty  psychologists, 
but  it  gave  fairly  definite  results,  and  these  might  be  still  more  definite 
in  others  of  the  sciences.  Save  for  observer  A  the  order  is  rather 
variable,  and  it  might  be  questioned  whether  a  man's  estimate  of  the 
fifth  group  should  be  allowed  the  same  weight  with  his  estimate  of 
the  first.  This  is  also  a  matter  subject  to  a  good  deal  of  variation, 
for  the  second  best  judge  of  the  first  ten  psychologists  is  the  worst 
of  the  second,  the  fifth  of  the  third,  the  eighth  of  the  fourth,  and  the 
sixth  of  the  fifth. 

However,  where  the  variations  in  the  standards  compensate, 
as  they  ought  to  do  in  scientific  merit,  the  method  is  immeasurably 
more  valid  than  where  they  not  only  patently  fail  to  do  so  but  give 
a  false  standard,  as  in  literary  merit.  The  conditions  are  exactly 
the  same  as  with  the  varying  sizes  and  temperatures  of  the  weights^ 
Our  group  of  weight-graders  constantly  gives  a  small  or  cold  object 
an  imdue  weight;  the  group  of  scientific  graders  constantly  assigns 
high  position  to  their  immediate  colleagues  and  co-workers;  the  group 
of  literary  graders  constantly  allows  a  presumably  undue  weight  to 
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Euphony  and  Finish.  The  variation  in  the  accordance  of  the  judges 
is  a  little  over  2:1,  as  was  the  case  in  Cattell's  psychologists;  the  ac- 
cordance of  the  judgments  also  tends  to  follow  the  normal  distribution, 
though  there  seems  to  be  a  slight  skew  in  favor  of  the  more  accordant 
judgments. 

It  should  not  be  impossible  to  get  a  quantitative  demonstration 
of  these  differing  standards.  When  we  have  a  series  of  objects  graded 
in  respect  to  a  general  quality,  and  then  in  regard  to  the  main  ele- 
ments of  that  quality,  the  relative  influence  of  the  elements  on  the 
general  judgment  appears  in  their  degree  of  correspondence  to  the 
general  quality.  Now  while  the  graders  showed  a  certain  unanimity 
in  assigning  to  various  elements  of  literary  merit  a  certain  order  of 
influence,  it  does  not  follow  that  the  mature  judgment  of  eminent 
literary  critics  would  give  the  same  order,  or  that  the  graders  them- 
selves would  give  it  twenty  years  hence.  Still  less  does  it  follow 
that  this  standard  is  the  best  one  for  us  to  abide  by,  or  that  it  is  one 
which  the  graders  themselves  would  not  be  among  the  first  to  con- 
sciously repudiate.  If  we  had  the  qualities  directly  graded  in  order 
of  value  to  literary  merit,  we  should  hardly  expect  to  find  Euphony 
and  Finish  first,  Clearness  and  Wholesomeness  last.    Nor  do  we. 

Such  a  judgment  was  obtained  from  a  group  of  24  graduates  in 
psychology  and  education,  of  about  the  same  intellectual  level  as  those 
who  furnished  the  literary  grades.  I  see  no  reason  a  priori — ^and 
there  is  certainly  none  evident  in  the  results — ^why  the  conscious 
judgment  of  this  group  should  not  have  the  same  ethical  value  as  that 
of  the  literary  graders,  or  why  the  terms  should  not  have  been  equally 
well  imderstood.  The  group  contained  a  certain  proportion  of 
women,  about  one-third,  but  this  factor  did  not  appear  to  influence 
the  character  of  the  judgments.  The  formula  by  which  the  quali- 
ties were  graded  was  "according  to  their  hnportance  to  the  fulfil- 
ment of  the  highest  function  of  literatiu^e."  No  definitions  of  any 
of  the  qualities  were  given,  nor  does  it  appear  that  it  would  have  been 
advantageous  to  have  given  them.  This  order  of  importance,  with 
positions  and  p.e.'s,  is  shown  in  the  accompanying  table  (cols.  T.C.). 

This  table,  compared  with  that  on  p.  22,  gives  an  idea  of  what 
we  think  we  judge  literary  merit  by  as  contrasted  with  what  we  ac- 
tually judge  it  by.  The  number  of  displacements  between  the  two 
orders  is  28 — slightly  more  than  we  should  expect  by  pure  chance. 
Such  correspondence  as  there  is  between  our  naive  and  conscious 
standards  is  thus  slightly  in  the  direction  of  perversity.  It  is  proba- 
bly something  more  than  an  amusing  coincidence  that  that  quality 
which  we  are  so  sure  we  ought  to  judge  an  author  by  most  of  all  is 
the  one  which  really  plays  the  least  part  in  our  estimate  of  him,  and 
that  the  two  qualities  which  ought  to  have  the  least  share  in  deter- 
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mining  an  author's  position  are  those  which  always  show  the  most 
remarkable  correspondence  with  it. 

The  distributions  of  these  grades  are  unimodal  for  the  most 
part,  and  only  in  Wholesomeness  do  we  find  distinct  species  of  high 
and  low  grades.  It  has  much  the  largest  p.e.  and  is  the  only  quality 
receiving  a  grade  in  every  place.  The  species  were  examined  for 
sex  correlations,  but  none  were  apparent. 

Before  the  method  for  the  determination  of  individual  standards 
had  Ixjen  applied,  the  literary  graders  had  been  made  aware,  through 
one  of  the  cruder  methods,  of  the  general  relations  of  the  qualities.  It 
was  therefore  impossible  to  obtain  from  them  any  order  not  subject 
to  large  constant  error.  Nevertheless,  it  seemed  worth  while  to  ob- 
tain a  few  records  from  this  group. 

Records  were  obtained  from  14  individuals,  of  whom  12  had 
taken  part  in  the  previous  test.  The  results  are  given  in  the  last 
quoted  table,  cols.  E.G.  The  order  and  positions  here  assigned 
also  differ  from  the  objectively  determined  order  by  slightly  more 
than  the  chance  numl)er  of  displacements,  but  while  the  number  of 
displacements  is  almost  identical  with  that  of  the  order  given  by  the 
other  group,  there  are  11  displacements  l^etween  the  two  groujxs 
themselves,  and  in  a  few  cases  these  discrepancies  are  outside  the 
limits  of  the  p.e.  This  may  well  Idc  due  to  the  constant  error  men- 
tioned above,  and  I  do  not  consider  that  there  is  sufficient  warrant 
for  supposing  separate  sjxicies.  An  interesting  aspect  of  these  re- 
sults is  afforded  from  the  view-point  of  individual  comparisons.  The 
number  of  displacements  that  occur  tetween  the  order  of  the  authors 
in  general  merit  and  their  order  as  assigned  in  the  various  qualities 
by  a  single  individual,  gives  an  idea  of  that  individuals  actual  stand- 
ards of  judgment.  The  qualities  that  vary  least  from  the  general 
merit  order  are  his  most  important  standards.  In  the  grading  of 
the  qualities  themselves  we  have  the  conscious  standards  by  which 
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the  individual  thinks  he  judges.  The  orders  assigned  to  the  quali- 
ties naively  and  consciously  are  strikingly  divergent.  The  average 
number  of  displacements  is  about  20,  a  little  less  than  the  chance 
number;  it  occurs  £is  high  as  34,  and  as  low  as  8.  In  the  former  case 
the  individual's  conscious  standards  are  almost  the  reverse  of  his 
naive  standards.  We  might  call  such  a  figure  a  "coefficient  of  con- 
sistency." 

The  relative  smallness  of  the  p.e.'s  of  the  averages  assigned  by 
the  Teachers'  College  Group  is  due  wholly  to  the  larger  number  of 
graders;  the  p.e.  of  the  individual  judgment,  as  measured  by  them,  v., 
is  practically  the  same  in  each  group.  It  is  interesting  to  observe 
that  the  special  training  of  the  literary  graders  has  neither  varied 
the  standards  to  any  noteworthy  degree,  nor  given  them  greater  as- 
surance. 

There  are  many  complications  into  which  it  is  not  possible  to 
enter  deeply.  Thus  a  certain  irreducible  minimum  of  Clearness  might 
be  most  desirable,  but  once  this  irreducible  minimum  were  assumed, 
an  analogous  degree  of  Charm  might  be  more  important.  It  must 
also  be  remembered  that  the  standards  quoted  in  the  table  on  p.  22 
are  standards  for  the  criticism  of  imaginative  writers,  while  the  quali- 
ties are  here  graded  according  to  their  importance  to  the  fulfilment 
of  the  highest  function  of  literatiu^e.  If  we  had  graded  a  group  of 
historians,  we  should  probably  have  found  less  real  judging  by  Euphony 
and  Finish,  and  more  by  Clearness  and  Force.  The  standards  of 
judgment  for  imaginative  writing  may  not  be  the  highest  literary 
standards,  perhaps  there  are  other  departments  of  literature  which 
are  held  to  higher  standards.  But  this  interpretation  is  of  very 
doubtful  value,  since  literature,  technically  considered,  is  imagina- 
tive by  definition. 

Now  the  best  judge  is  not  the  man  who  judges  most  tnie  to  ordi- 
nary standards,  but  the  man  who  judges  most  true  to  the  best  stand- 
ards. To  discuss  what  these  best  standards  might  be  would  lead  at 
once  into  devious  ethical  pathways;  let  us  call  them  for  the  moment 
the  most  useful  ones.  It  is  probably  fair  to  assume  that  the  maturer, 
more  experienced  and  distinguished  of  a  group  of  graders,  selected 
by  universal  experience  for  the  very  abilities  which  they  are  here 
exercising,  should,  at  least  in  this  particular  respect,  have  a  better 
judgment  .than  the  remainder  of  the  graders.  By  this  same  token, 
they  should  also  have  different  standards  of  judgment,  and  this  would 
tend  to  draw  them  away  from  the  average,  but  should  not,  therefore, 
l)e  held  to  discount  the  value  of  their  opinions.  After  all,  the  func- 
tion of  a  method  of  this  sort  is  not  to  tell  us  what  we  could  not  possi- 
bly find  out  in  any  other  way,  but  rather  to  determine  quickly  what 
in   less   organized  experience  might  require  many  years.     Its  data 
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must  not  run  too  contrary  with  those  of  our  every-day  experience; 
even  the  method  of  measurement  by  relative  position  would  itself 
hardly  siurvive  the  shock  of  Aristotle's  appearing  in  the  lower  half 
of  the  world's  philosophers.  The  data  of  relative  critical  ability 
obtained  by  this  method  show  little  accordance  with  the  results  of 
our  partially  organized  experience.  It  is  also  true  that  there  is  ap- 
parent in  the  results  no  correlation  between  accordance  of  judgment 
to  the  average  and  approximation  of  individual  standards  to  it;  how- 
ever, when  the  new  factors  that  would  here  come  into  play  are  con- 
sidered, it  will  easily  be  seen  that  the  present  data  are  much  too  coarse 
for  such  refinements.  But  the  order  of  critical  ability  given  by  the 
method  of  direct  accordance  is  quite  too  far  from  that  of  the  best  ex- 
perience. Nor  does  the  best  judgment  for  literary  merit  correspond 
at  all  to  the  best  judgment  for  the  various  quaUties.  The  worst  judge 
of  general  literary  merit,  according  to  his  divergences,  is  the  3rd  best 
judge  of  Charm,  the  best  judge  of  Clearness,  and  the  13th  best  of 
Euphony.  The  best  judge  of  general  merit  is  the  5th  best  of  Charm, 
the  14th  of  Clearness,  and  the  17th  of  Euphony. 

All  that  is  really  given  in  the  individual  deviations  from  the  aver- 
age judgment  is  the  individual  who  tells  us  most  about  the  group,  or 
the  most  accurate  judge  for  a  certain  set  of  standards,  which,  at  least 
in  the  case  of  these  literary  judgments,  every  one  will  probably  admit 
to  have  a  rather  low  ethical  value. 

We  can  hardly  draw  inferences  as  to  the  general  capacity  for 
sound  judgment  as  measured  by  the  soimdness  of  judgment  for  any 
particular  class  of  objects.  We  must  have  the  information  as  well 
as  the  ability  to  weight  it.  It  might  be  that  the  best  judge  of  the 
psychologists  was  he  who  had  the  best  proportioned  knowledge  of 
the  work  done  in  the  various  fields.  Judgment  may  be  wholly  a  mat- 
ter of  information  if  we  make  this  term  sjoionymous  with  experience. 
Obviously  then,  the  fact  that  one  has  a  good  judgment  for  psycholo- 
gists tells  us  very  little  about  the  value  of  his  opinion  in  other  fields. 
To  demonstrate  the  very  existence  of  an  abstract  power  of  judgment 
is  ultimately  sjoionymous  with  the  problem  of  free  will.  Fortunately 
it  is  not  in  this  abstract  power  of  judgment  that  we  need  be  in  the 
least  interested,  but  rather  in  the  quality  of  one's  judgment  for  a  par- 
ticular class  of  objects.  We  wish  to  know  whether  a  person  is  a  good 
judge  of  distance,  of  faces,  of  a  mining  prospect.  To  determine 
this  we  must  pay  careful  attention  to  the  weighting  of  the  standards 
of  judgment. 
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I.  INTRODUCTION 

Of  the  methods  employed  in  experimental  psychology,  scarcely 
any  has  been  more  useful  and  more  extensively  applied  than  the 
method  of  reaction  time.  The  extensive  literature  on  the  subject 
shows  that  it  has  been  employed  in  the  study  of  the  most  diverse 
mental  processes,  and  is  at  present  successfully  applied  to  such  prob- 
lems as  the  measurement  of  differences  in  sensations,  individual 
differences,  the  transference  of  function,  the  psychology  of  the  insane, 
etc.,  and  that  valuable  data  bearing  on  such  problems  are  rapidly 
accimiulating.  In  order  that  these  may  be  made  reliable  and  di- 
rectly comparable,  other  factors,  not  related  to  the  problem,  must 
be  excluded  or  their  influence  taken  into  consideration.  One  of 
these  factors,  the  influence  of  which  is  always  present  but  seldom  con- 
sidered, is  the  influence  of  the  magnitude  of  the  stimulus.  The  results 
will  differ  according  as  the  stimulus  is  strong  or  weak,  and  such  differ- 
ences may  be  large  enough  to  obsciue  the  factors  which  it  is  desired 
to  investigate.  From  a  purely  technical  point  of  view  it  becomes 
desirable,  therefore,  to  determine  the  influence  of  variation  in  the 
magnitude  of  the  stimulus  on  the  time  of  reaction.  But  besides  this 
the  problem  has  also  an  intrinsic  interest.  The  relation  between 
the  stimulus  and  sensation  has  received  an  extraordinary  amount 
of  attention  in  the  past,  and  a  knowledge  of  the  relation  between 
stimulus  and  movement  or  action  may  turn  out  no  less  interesting 
and  valuable. 

Some  attention  has  already  been  devoted  to  the  problem,  but  it 
has  been  confined  to  only  one  aspect  of  it,  and  the  results  obtained 
have  been  discordant  and  imsatisfactory.  The  need  of  a  careful 
repetition  of  the  older  experiments  on  the  influence  of  the  intensity 
of  the  stimulus  and  a  determination  of  the  hitherto  imknown  influ- 
ence of  size  and  dmtttion  on  the  time  of  reaction  may  therefore  be 
regarded  as  sufficient  justification  of  this  new  attempt  at  an  old 
problem. 

The  work  here  reported  on  has  been  concerned  chiefly  with  visual 
stimuli,  since  these  are  more  easily  measured  and  natxurally  offer 
the  best  field  for  experiments  on  all  the  factors  involved.  For  piu*- 
poses  of  comparison,  experiments  have  also  been  made  on  different 
intensities  of  soimd.  In  order  to  obtain  equal  experimental  condi- 
tions and  thus  render  the  results  directly  comparable,  the  experi- 
ments on  the  several  factors  have  not  been  separated  but  made  in 
the  same  series.  For  the  sake  of  clearness  and  convenience,  how- 
ever, each  factor  will  be  treated  separately,  after  which  a  comparison 
of  the  stimulus  values  of  each  will  be  made. 


IL  APPARATUS  AND  METHOD 
The  visual  stimuli  consisted  of  ordinary  daylight  reflected  from 
paper  of  varying  degrees  of  brightness.  These  have  certain  advan- 
tages over  transmitted  light  in  that  they  conform  more  to  natural 
conditions  and  are  more  easily  handled,  but  have  also  the  disadvantage 
that  they  vary  with  varying  daylight.  It  was  not  an  easy  matter 
to  obtain  an  apparatus  which  would  fulfil  all  the  conditions  of  the 
experiment,  viz.,  allow  the  size,  intensity  and  duration  of  the  stim- 
ulus to  be  varied  and  at  the  same  time  give  a  noiseless  and  approx- 
imately instantaneous  exposure.  The  apparatus  which  was  finally 
used  met  these  requirements  fairly  well,  though  it  did  not  allow  as 
wide  a  variation  of  intensity  and  time  of  exposure  as  would  have 
been  desirable.  It  consisted  of  an  iron  wheel,  92  cm.  in  diameter^ 
with  a  rim  17  cm.  wide,  mounted  on  a  table,  with  its  axis  in  a  vertical 
position  and  driven  by  an  electric  motor.  The  speed  of  the  wheel 
was  regulated  by  a  resistance  coil  and  kept  imiform  at  the  rate  of 
one  revolution  in  three  seconds.  The  paper  furnishing  the  stimulus 
was  mounted  on  a  projection  on  the  rim  of  the  wheel.  This  increased 
its  diameter  so  that  the  rate  at  which  the  paper  traveled  was  1  rnm, 
per  a,  and  also  served  to  darken  the  background  by  removing 
the  rim  of  the  wheel  to  some  distance  from  the  source  of  light.  Thus, 
except  in  the  case  of  the  two  largest  sizes,  the  background  presented 
an  absolute  black.  On  the  table  between  the  wheel  and  the  observer 
a  screen  was  fixed,  in  the  middle  of  which  was  an  aperture  16  x  16 
cm.  Into  this,  smaller  paper  screens  with  apertures  varying  in 
size  from  3  to  48  nun.  sq.  were  inserted.  As  the  wheel  moved,  the 
paper  furnishing  the  stimulus  moved  past  this  aperture.  Ordinarily,, 
it  was  covered  by  a  movable  metal  screen,  controlled  by  the  operator 
by  means  of  a  string  running  on  pulleys.  About  IJ  seconds  before 
the  stimulus  was  exposed,  the  screen  was  raised  and  the  subject's 
attention  fixed  on  the  black  aperture.  The  subject  was  seated  in 
front  of  the  screen  with  his  hands  on  the  table  and  the  fingers  of  his 
right  hand  on  a  telegraph  key.  To  measure  the  reaction-time  an  ordi- 
nary Hipp  chronoscope  was  used.  This,  together  with  resistance  coils^ 
switch  keys,  etc.,  were  placed  on  an  adjoining  table  at  which  the  re- 
corder worked.  The  latter  was  shut  off  from  the  subject's  view 
by  another  screen.  This  isolation  of  the  subject  was  foimd  neces- 
sary since  the  movements  of  the  recorder  would  otherwise  disturb 
him  and  tend  to  produce  premature  reactions.  The  noiseless  clos- 
ing of  the  contact  simultaneously  with  the  exposure  of  the  stimulus 
was  effected  by  a  device  first  suggested  by  Professor  Cattell.  It  con- 
sisted of  a  circular  rim,  half  of  which  was  of  brass  and  half  of  a  non- 
conducting substance,  fastened  to  the  upper  side  of  the  wheel.  On 
this  rim  rested  another  strip  of  brass  with  sufficiently  great  pressure 


APPARATUS  AND  METHOD  7 

to  make  a  good  contact  without  causing  an  unnecessary  amount  of 
friction.  Both  the  rim  and  the  brass  strip  were  connected  by  wires 
with  the  main  circuit.  Thus  the  circuit  was  open  when  the  brass 
strip  passed  over  the  non-conducting  material,  and  closed  when  it 
passed  over  the  brass.  The  course  of  the  current  was  as  follows: 
From  the  battery  to  the  switch  key,  then  to  the  sliding  contact, 
through  the  telegraph  key,  then  through  the  resistance  coil,  through 
the  chronoscope,  and  back  to  the  battery.  In  the  pendulum  tach- 
istoscope  first  used  the  noise  produced  by  the  closing  of  the  contact 
disturbed  the  subject,  and  often  caused  him  to  react  to  the  soimd 
instead  of  to  the  visual  stimulus,  even  when  the  soimd  came  100  a 
later.  The  tachistoscope  described  by  Wundt^  has  a  mercury  contact, 
which  may  reduce  the  noise  considerably  without  being  entirely 
noiseless  when  the  subject  is  close  by.  The  motor  and  the  wheel 
made  a  slight  imiform  noise,  which,  however,  did  not  seem  to  disturb 
the  subject  in  the  least.  On  the  contrary,  it  served  to  drown  the 
small  click  produced  in  the  chronoscope  when  the  stimulus  was  ex- 
posed and  the  circuit  closed.  It  may  be  that  failure  to  take  accoimt 
of  and  exclude  this  cause  of  disturbance  has  been  the  source  of  con- 
siderable errors  in  some  of  the  published  experiments  on  reaction- 
time.  The  current  for  the  chronoscope  was  supplied  by  6  gravity 
cells  and  varied  little  from  day  to  day.  Nevertheless,  to  insure  ac- 
curacy in  the  results,  the  chronoscope  was  tested  before  and  after 
each  series  by  means  of  a  Cattell  fall-chronometer.  The  apparatus 
was  placed  in  front  of  an  eastern  window  in  a  large  room  on  the  third 
floor  of  the  building  in  such  a  manner  that  it  received  the  full  light 
from  the  sky  but  not  the  direct  rays  of  the  sun.  The  experiments 
were  made  between  the  hours  of  ten  and  four.  On  very  dark  days 
no  experiments  were  made.  The  light  conditions  did  vary  some- 
what from  day  to  day,  but  this  affects  only  the  absolute  and  not  the 
relative  value  of  the  results.  Care  was  also  taken  to  have  the  phys- 
ical and  mental  condition  of  the  subjects  good.  The  number  of  ex- 
periments made  at  each  sitting  was  200  to  225,  except  in  the  case  of 
soimd,  where  it  was  400.  Reactions  to  sound  seemed  less  fatiguing 
than  reactions  to  visual  stimuli,  and  400  seemed  not  too  great  a  num- 
ber  for  a  single  sitting.  The  series  on  visual  stimuli  usually  took 
about  50  minutes,  and  those  on  soimd  about  70  minutes.  From  4 
to  8  pauses  were  made  in  each  series  during  which  the  subject  had  a 
few  minutes'  rest  while  the  recorder  changed  the  stimulus.  Five 
persons  have  acted  as  subjects,  H.,  F.,  R.,  W.  and  B.,  all  of  whom 
were  either  ofl&cers  or  students  in  the  department  of  psychology  and, 
with  the  exception  of  R.,  had  had  considerable  practise  in  reaction- 
time  experiments  before  acting  as  subjects  in  the  experiments  of 
the  present  investigation. 

»  Physiol.  Psychol.,  4  ed.,  Bd.  II.,  p.  334. 


III.  THE  EFFECT  OF  VARIATION  OF  INTENSITY  ON  THE 
TIME  OF  REACTION 

Investigations  into  the  relation  between  the  magnitude  of  the  stim- 
ulus and  the  time  of  reaction  have  almost  exclusively  been  concerned 
with  this  factor.  Von  Kries  and  Auerbach/  though  not  directly  in- 
terested in  the  subject,  discovered  that  the  time  of  reaction  decreased 
as  the  intensity  of  the  stimulus  increased.  Similarly  Exner,'  in  a 
series  of  reactions  to  an  electric  spark,  foimd  that  as  the  length  and 
consequently  also  the  brilliancy  of  the  spark  increased,  the  time  of 
reaction  was  reduced  from  158a  to  123a.  Wimdt'  in  reaction  ex- 
periments on  sound  foimd  that,  as  he  increased  the  intensity  of  the 
sound  by  increasing  the  height  of  fall  of  the  soimd  hammer  from  1 
mnL  to  16  mm.,  the  time  of  reaction  decreased  from  217a  to  125<r, 
and  by  increasing  the  height  of  fall  of  a  ball  from  2  to  25  cm., 
the  time  of  reaction  decreased  from  176a  to  159<7.  Thus,  on  the  ni^iole, 
an  inverse  relation  was  found  to  exist  between  the  intensity  of  the 
stimulus  and  the  time  of  reaction,  but  the  decrease  was  not  suffi- 
ciently regular  to  show  a  more  definite  relation.  No  attempt  was 
made  by  von  Kries  and  Auerbach  nor  by  Exner  to  explain  their  re- 
sults. Wundt,  however,  explained  them  as  due  to  the  relation  of 
the  stimulus  to  attention.  Reactions  are  faster  to  those  stimuli 
which  lie  within  the  range  of  normal  attention,  but  slower  to  those 
to  which  the  attention  has  to  be  acconmiodated.  On  this  theory, 
intensities  above  the  normal  should  give  slower  reactions  similar 
to  those  below  it,  a  hypothesis  which,  however,  subsequent  experi- 
ments have  not  confirmed. 

The  most  extensive  study  of  the  problem  so  far  has  been  made  by 
Berger^  and  Cattell'  in  the  Leipzig  laboratory.  Their  experiments 
extended  over  three  sense  departments,  the  visual,  the  auditory  and 
the  tactile  (electric  stimulation).  For  visual  stimuli  light  produced 
by  sending  an  electric  current  through  a  Puluj  tube  was  used,  and 
the  various  intensities  were  obtained  by  means  of  smoked  glasses. 
These,  calling  the  full  intensity  of  the  light  1000,  were  1,  7,  23,  123, 
315,  and  1000.  Two  greater  intensities  which  were  not  measiu^ 
were  also  used.  A  simimary  of  the  results  on  two  subjects  is  given 
below: 

*  Arch.  f.  Anal.  u.  Physiol.,  1877,  p.  357. 
"  Pflug.  Arch.,  7,  625. 

»  Physiol.  Psych.,  2  Ed.,  Bd.  II.,  p.  224 

*  Philos.  Stud.,  3,  38,  1886. 

*  Brain,  32,  1886. 
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Inten- 
sity.      I.       n.    III.   IV.      V.     VI.    VII.  VIII. 

Av.   338  265  238  230  222  225  207  198 

B. 

M.V.  26  18  16  15  15  17  18  16 

Av.  281  205  190  178  177  173  165  158 
C. 
M.V.  30  17  16  14  15  13  16  19 

The  results  from  experiments  on  soimd  and  electric  stimuli  where, 
however,  only  four  intensities  were  used,  were  similar  to  those  above 
and  need  therefore  not  be  given.  On  the  basis  of  these  results  the 
investigators  concluded  that  the  time  of  reaction  decreases  with 
increasing  intensity  of  the  stimulus,  faster  near  the  threshold, 
but  more  slowly  as  the  region  of  normal  intensities  is  approached. 
Apparently,  they  had  expected  to  find  a  more  definite  relation  be- 
tween the  variation  in  intensity  and  the  time  of  reaction,  for  the  log- 
arithms of  the  different  intensities  are  calculated  and  curves  are  con- 
structed in  which  the  distances  on  the  axis  of  abscissas  are  propor- 
tional to  the  logarithms  of  the  stimulus  and  the  ordinates  proportional 
to  the  times  of  reaction.  But,  as  the  results  show,  neither  the  log- 
arithmic nor  any  other  relation  appears  to  hold. 

Cattell  and  DoUey^  also  made  some  experiments  to  determine  the 
influence  of  the  intensity  of  the  stimulus  on  the  time  of  reaction. 
They  found  that  for  electric  stimulation,  touch  and  blows,  the  time 
of  reaction  decreased  with  increasing  intensity  of  the  stimulus.  Only 
three  intensities  were  used,  however,  and  these  were  not  measured, 
with  the  exception  of  the  blows.  The  results  from  experiments  on 
the  latter  are  given  in  the  table  below.  The  intensity  is  expressed 
in  terms  of  the  height  of  fall  of  the  hammer  producing  the  stimulus. 

J.  c.  D. 

I • .  / * »  , • » 

Int.  Av.      M.V.  Av.    M.V.  Av.      M.V. 

15  118.7  10.9  118.4  6.6  148.9  11.3 

30  II4.0     9.6  II8.6  7.6  146.9   II. 3 

60  1 1 1.4     9.2  I16.2  6.5  148.4   1 1.5 

Concerning  these  results,  Cattell  sa3rs:  "The  reaction-time  thus 
becomes  shorter  as  the  intensity  of  the  stimulus  is  increased,  but  the 
difference  in  time  is  small  so  long  as  the  stimuli  are  moderately  strong. 
The  difference  is,  indeed,  so  small  that  it  is  obscured  by  the  error  of 
observation,  but  in  the  final  average  of  the  three  thousand  four  hun- 
dred reactions  the  time  was  decreased  l.Za  when  the  intensity  was 
increased  from  15  to  30  grams,  and  decreased  1.7a  when  the  inten- 
sity was  increased  from  30  to  60  grams.    If,  as  Fechner's  law  assumes, 

*  "On  Reaction- time  and  the  Velocity  of  the  Nervous  Impulse."    Nat.  Acad, 
of  Set.,  1893,  7,  393- 
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the  intensity  of  the  sensation  increases  as  the  logarithm  of  the  stim- 
ulus; the  reaction-time  tends  to  decrease  inversely  as  the  intensity 
of  the  sensation/' 

In  the  last  two  investigations  reported,  every  care  seems  to  have 
been  taken  to  eliminate  all  disturbing  factors.  Nevertheless,  the  lack 
of  agreement  between  the  several  subjects  and  the  irregularity  with  which 
the  time  of  reaction  decreases  point  to  the  presence  of  errors,  which  so 
far  have  escaped  detection,  but  have  been  large  enough  to  obscure  any 
relation  that  may  exist.  It  has  been  the  custom  to  measure  the  relia- 
bility of  an  average  by  the  size  of  the  so-called  probable  error  as  ex- 
pressed by  the  formula, 

P.E.  =  M.V.  X  .84435/-^, 

where  M.V.  is  the  mean  variation  and  n  is  the  number  of  measure- 
ments. This  implies,  however,  the  assumption  that  the  variations, 
are  due  wholly  to  chance  and  fall  equally  above  and  below  the  aver- 
age. That  psychophysical  processes  are  subject  to  chance  varia- 
tion there  is  little  doubt.  But  besides  this  sort  of  variation  there 
seems  to  be  another  which  gives  rise  to  semi-constant  errors,  i.  6.,. 
errors  which  are  constant  for  a  longer  or  shorter  period  and  then 
either  disappear  or  are  reversed.  The  causes  of  these  errors  are  diffi- 
cult to  discover.  They  may  possibly  be  due  to  an  unconscious  change 
in  the  state  of  attention,  or  they  may  be  due  to  periodic  changes  in 
the  subject,  either  physical  or  mental,  or  both.  It  would  be  inter- 
esting to  investigate  further  the  causes  and  operation  of  these  semi- 
constant  errors,  but  such  an  undertaking  is  outside  of  the  limits  of 
this  research.  The  presence  and  influence  of  such  errors  can  be  de- 
tected in  almost  all  work  on  psychophysics  and  psychometry.  The 
results  have  seldom  corresponded  to  what  they  theoretically  should 
be,  even  when  chance  errors  are  allowed  for;  but  the  discrepancy, 
when  not  too  large,  has  usually  been  neglected.  In  experiments  on 
reaction-time,  however,  where  small  differences  would  be  significant, 
these  errors  are  liable  to  obscure  the  results,  so  that  only  the  most 
general  conclusions  can  be  drawn.  Especially  is  this  the  case  where 
the  number  of  experiments  is  small  and  the  subject  unpractised. 
It  was  found  early  in  the  course  of  the  present  experiments  that  the 
smaller  the  number  of  reactions  the  more  the  results  would  suffer 
from  these  errors.  This  led  to  an  increase  in  the  number  of  reac- 
tions from  225,  as  was  first  intended,  to  400  to  each  stimulus.  It 
is  probable  that  more  experiments  would  increase  still  further  the 
imiformity  and  reliability  of  the  results.  Returning  now  to  the 
earlier  experiments,  it  is  evident  that  they  can  have  little  if  any  value, 
obtained  as  they  were  from  only  15  to  20  reactions.  Even  the  re- 
sults of  Berger  and  Cattell,  though  obtained  from  an  average  of  150- 
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reactions,  must  be  subject  to  this  error  to  a  considerable  extent. 
If  the  cause  cannot  be  eliminated,  and  so  far  no  way  of  doing  so  haa 
been  found,  the  only  course  open  is  to  make  the  experiments  suflS- 
ciently  numerous  for  these  semi-constant  errors  to  be  distributed 
equally  throughout  every  part  of  the  series  and  thus  reduce  them  ta 
chance  errors.  Though  this  may  not  be  completely  accomplished 
in  the  present  case,  it  is  nevertheless  believed  that  an  approxima- 
tion to  it  has  been  made  by  the  greater  number  of  reactions  and  by 
the  discontinuation  and  rejection  of  all  series  in  which  abrupt  and 
marked  changes  in  the  reaction-time  occurred. 

There  is  also  another  source  of  error,  not  hitherto  taken  account 
of,  which  in  some  subjects  may  impair  and  even  invalidate  the  re- 
sults. It  is  well  known  that  the  so-called  "warming  up"  tends  to 
decrease  the  time  of  reaction,  and  that  fatigue  tends  to  increase  it. 
To  eliminate  these  influences  it  has  been  customary  to  make  the  sec- 
ond half  of  the  experiment  in  the  inverse  order.  But  this  will  elim- 
inate them  only  in  case  they  operate  imiformly  throughout  the  series. 
From  repeated  observations,  however,  this  seemed  not  to  be  the  case, 
as  also  the  accompanying  figures,  chosen  at  random  from  a  number 
of  similar  resiilts,  show.  The  first  is  the  average  of  the  first  26  reac- 
tions of  nine  series,  the  second  of  the  next  25,  etc.  The  stimuli  are 
the  same  in  each  case.  All  the  objective,  and  as  far  as  possible  also 
the  subjective,  conditions  then  being  equal,  the  averages  should  be 
the  same  throughout. 

168.0      169.0      168.3      162. 1      165.8      169.5      169.5     168.9     171.0 

It  appears  that  there  is  a  place  in  the  middle  of  each  series  where 
the  ''warming  up"  effect  has  ceased  and  the  fatigue  effect  has  not 
yet  begun  to  assert  itself.  The  difficulty  will  not  be  removed  by 
making  the  second  half  of  the  experiment  in  the  inverse  order.  The 
only  way  to  eliminate  this  source  of  error  is  to  distribute  the  several 
stimuli  equally  throughout  the  series.  This  was  accomplished  by 
beginning  each  series  with  a  new  stimulus  and  making  the  first  in  one 
series  the  last  in  the  next,  next  to  the  last  in  the  third,  etc.  These 
precautions  being  taken  against  errors,  it  is  believed  that  the  results 
obtained  are  fairly  reliable. 

The  aim  was  to  vary  all  the  three  factors  of  the  magnitude  in  the 
same  series  and  thus  be  able  to  compare  them  directly  with  one  an- 
other. But  as  this  could  not  be  done  on  accoimt  of  the  mechanical 
limitations  of  the  apparatus,  it  was  found  necessary  to  divide  the 
experiments  into  two  parts,  in  the  first  of  which  the  intensity  and 
the  size  were  varied  and  in  the  second  the  intensity  and  duration. 

The  greatest  intensity,  denoted  by  100,  was  that  of  the  Milton- 
Bradley  white  baryta  paper.  The  other  intensities  were  obtained 
from  Bering's  grays  and  their  brightness  in  comparison  with  the 
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white  tested  by  an  ordinary  color  mixer  in  front  of  a  small  opening 
into  a  dark  roouL  The  degree  of  brightness  was  given  by  the  size 
of  the  white  sector,  expressed  in  terms  of  per  cent,  of  the  whole  cir- 
cle, that  produced  the  same  shade  of  gray  as  the  paper  to  be  tested 
In  order  to  facilitate  comparison,  a  sm^  disc  of  the  gray  was  mounted 
in  the  center  of  the  color  mixer  and  a  black  screen  with  an  opening 
5  X  12  cm.  placed  in  front  of  it.  Judgments  were  obtained  from  three 
persons,  F.,  R.  and  W.  The  method  used  was  that  of  minimal  changes, 
the  white  sector  being  increased  and  decreased  until  both  the  subjects 
and  the  recorder  were  satisfied  that  the  mean  between  the  upper 
and  lower  difference  threshold  was  obtained.  The  results  varied 
slightly  and  the  averages  of  three  subjects  are  used  as  the  standards. 
The  results  are  given  in  detail  in  the  accompan^dng  table: 
F.        56  25  17       10 

R.       56V.       24V.       17       loVi 
W.        56  25V1        17         10 

Av.       56V.        25  17        ioV« 

This  method  of  testing  the  intensity  of  reflected  light  presupposes 
that  the  intensity  varies  as  the  duration  of  the  stimulus,  as  has  been 
found  true  for  all  practical  piurposes.  The  two  sets  of  experiments 
on  intensity  are  given  in  Tables  L-IV.  with  the  M.V.'s  and  the  P.E.'s 
calculated  from  them. 

TABLE  I 


Subject  R 

2000  reactions 

xoo 

56 

»5 

16 

10 

Ser. 

Av. 

M,y. 

Av. 

M.y. 

Av.         M.  v. 

Av. 

M,V. 

Av. 

M.V. 

I. 

171. 2 

8.7 

171. 9 

9.0 

175.8     7-5 

187.5 

10.3 

184.4 

8.0 

II. 

177.6 

II. 7 

186.2 

9.6 

185.5     5-5 

1793 

9-9 

187.6 

7  4 

III. 

180.6 

II. 8 

188.7 

10.6 

184.7  10.6 

177-3 

16.6 

190.3 

II. 8 

IV. 

152.6 

8.5 

160.3 

"J 

172.2  II. 4 

174.8 

8.8 

178.3 

9.0 

V. 

158.5 

135 

172.2 

78 

172.0     7-5 

173.4 

78 

180.0 

8.6 

VI. 

184.4 

7-7 

164.2 

7-7 

1745     9  7 

179.6 

II. I 

184.6 

10.8 

VII. 

169. 1 

10.5 

163.6 

8.1 

1599     95 

163.5 

8.6 

164.4 

7-7 

VIII. 

180.4 

11.8 

191. 9 

10.8 

195. I     8.0 

200.8 

7  4 

197.6 

8.4 

IX. 

190.0 

10. 1 

197 -3 

15  5 

203.6     5.8 

203  3 

ii'3 

198.0 

12.4 

X. 

170.8 

10.7 

184.8 

8.5 

1939  "5 

199. 1 

6.0 

205.9 

i3'5 

XI. 

190.3 

II. 4 

183.0 

'3  3 

183.6  10. 0 

194.8 

9  9 

205.6 

9'^ 

XII. 

194.6 

9-9 

206.1 

14.5 

192.2  II .8 

195.8 

8.2 

199.6 

11.8 

XIII. 

178.2 

II  .0 

190.6 

96 

193.0  12.5 

196.9 

10.5 

201.5 

8.5 

XIV. 

184.3 

10.6 

191. 7 

9.6 

192.0     9.3 

191. 4 

8.2 

192.2 

7  4 

XV. 

188.0 

7-7 

192.5 

78 

199. I   II. 6 

201.3 

8.3 

208.6 

7-3 

XVI. 

194.2 

II . I 

186.8 

12.0 

202.4     9.3 

198.4 

10.2 

200.8 

13  0 

Ay. 

179.0 

10.4 

183  2 

10.4 

186.2    9.5 

188.6 

9.6 

191. 6 

9-7 

P.E. 

•44 

.44 

.40 

■41 

.41 
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Subject  W 

2000  reactions 

100 

sfi 

25 

16 

10 

Ser. 

Av. 

M.V. 

Av. 

M.V. 

Ay. 

M.V. 

Av.          Af.V. 

Av.         M.V, 

I. 

155-3 

14.0 

174-2 

10. 0 

172.2 

9  4 

161. 0     9.1 

164.0  10.6 

II. 

155. 5 

3-3 

164.8 

10.7 

178. 1 

16.0 

182.7    10.2 

176.4     8.8 

III. 

162.4 

8.8 

166.4 

8.3 

161. 1 

6.0 

170.8      8.3 

164.5     6.2 

IV. 

160.6 

6.1 

164. 1 

10.3 

161. 8 

8.5 

169. I  II. 8 

174.0  13.6 

V. 

163.5 

8.2 

167.5 

6.3 

173-9 

7.0 

172.6    8.7 

188.0  12.0 

VI. 

162.3 

5-7 

167.0 

10.7 

167.2 

9'^ 

174-2     9  3 

174. I  II. 6 

VII. 

164.2 

II. 9 

175-2 

9  3 

186.0 

12.0 

189.0     9.8 

183.6     7.2 

VIII. 

158.6 

91 

153-2 

6.0 

156.6 

6.3 

176.2     9.4 

176.4     8.3 

IX. 

164.0 

9-2 

175-8 

10. 1 

179.5 

90 

181. 0  II. I 

197. I  II. 0 

X. 

1758 

9.8 

174-4 

8.0 

179- 1 

10. 1 

179.4  1^3 

190.2  II. 4 

XI. 

177.3 

6-5 

179-2 

II .  I 

184.2 

7.0 

185.2     6.8 

193-4     8.1 

XII. 

178.3 

10.2 

176.2 

90 

178.2 

7-3 

188. I  II. 0 

183.7     8.8 

XIII. 

177-8 

12. 1 

187.3 

71 

188.5 

10.9 

188. I  II. 9 

184.9  ^3-^ 

XIV. 

197-7 

II  .0 

204.3 

II. 4 

210.4 

1 2. 1 

196.0  13  4 

203.1  13.8 

XV. 

194.8 

li  5 

188.6 

II. 2 

188.4 

8.8 

188.3     8.9 

182.7     7.3 

XVI. 

205.0 

II. 4 

205.8 

".3 

200.2 

9.8 

203.6  10.7 

212.8  13.9 

Ay. 

172. 1 

9  3 

176.0 

9-3 

179. 1 

9-4 

181. 6  10.2 

184*2  10.4 

P.E. 

.40 

.4c 

t 

.40 

-43 

•44 

TABLE  III 


Subject  R 

2000  reactions 

100 

56 

25 

z6 

IC 

Ser. 

Av.         M.V. 

Av. 

M.V. 

Av. 

M.V. 

Av. 

M.V. 

Av. 

M.V. 

I. 

185-5   10.3 

188.8 

8.7 

I9I-5 

9-7 

199.0 

10. 1 

199.2 

9.0 

II. 

190. I    II. 4 

185.6 

9.6 

189.4 

7.6 

197.8 

9.0 

210.3 

17.6 

III. 

194.6    12.0 

188.5 

12.2 

199.2 

10.3 

206.3 

16.9 

223.3 

10.2 

IV. 

187.8    10.3 

184.9 

91 

198.6 

I2'3 

196.6 

12.9 

209.6 

16,3 

V. 

187.6    12.2 

188.4 

II. 6 

198.6 

12.0 

214-5 

".3 

211. 4 

10.4 

VI. 

179.4    J^-^ 

190. 1 

9-5 

188.2 

13  0 

197-4 

13  J 

200.7 

8.6 

VII. 

181. 8   12. I 

174-4 

12.0 

177.6 

10.8 

184.0 

137 

190.4 

17. 1 

VIII. 

175-0  13  7 

182.6 

11.8 

188.0 

13-6 

175-9 

12.6 

185.8 

10. 0 

IX. 

188.2  13.6 

182.9 

9.2 

185-9 

13  I 

191. 2 

91 

191.  2 

10.2 

X. 

204.2     8.2 

201.3 

II. 2 

215-5 

9.6 

218.7 

10.8 

219.3 

9  4 

XI. 

197.2   10. I 

200.6 

73 

203.3 

8.6 

210.5 

9.6 

213.2 

10.9 

XII. 

206.0  13.4 

211. 0 

13  7 

199-7 

8.8 

202.6 

16.3 

217.2 

12.0 

XIII. 

205.5     9  4 

215-4 

7'^ 

206.7 

II. 2 

208.9 

8.2 

213-7 

14.0 

XIV. 

196.9     8.2 

209.2 

97 

210. 1 

8.4 

215. 1 

7.6 

224.2 

12.4 

XV. 

192. I  10.4 

205.9 

8.2 

202.2 

8.9 

206.4 

8.6 

212.8 

10.3 

XVI. 

199.2  I I. 2 

197.6 

6.7 

198.6 

8.3 

198. 1 

10. 0 

206.1 

9.8 

Ay. 

191. I  II -3 

194.2 

9-9 

197. 1 

10.7 

201.5 

II. 2 

208.0 

II. 8 

P.E. 

-48 

•42 

•45 

< 

•47 

.50 
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TABLE  IV 


Subject  W 

2000  reactions 

xoo 

56 

»5 

16 

to 

Ser. 

Av. 

M.V. 

Av. 

M.V, 

Ay. 

M.V. 

Av. 

M.V. 

At. 

M.V. 

I. 

165.3 

7.6 

166.4 

70 

168. 1 

3  9 

181. 1 

91 

180.2 

87 

II. 

168.3 

70 

168.5 

6-3 

173  0 

8.2 

173  6 

8.4 

172. 1 

83 

III. 

170.6 

6.7 

171. 6 

30 

182. 1 

8.0 

176.2 

6.8 

176.4 

6-4 

IV. 

182.7 

9.8 

183.0 

8.0 

188.0 

63 

192.2 

7-4 

192.2 

9  5 

V. 

176.9 

4.6 

183.4 

6.9 

184.4 

8.7 

186.2 

8.7 

188.3 

57 

VI. 

171. 0 

65 

176.4 

6-3 

173.8 

78 

173-8 

7-5 

176.9 

64 

VII. 

158.8 

7-4 

165.9 

6.4 

171.5 

47 

178.8 

90 

179-7 

6.0 

VIII. 

154.2 

II. 4 

158.9 

7.0 

172.2 

i^  3 

173.7 

10.8 

169.8 

76 

IX. 

164.4 

9-7 

163.5 

9-3 

164.6 

6.3 

167.8 

9.6 

175.4 

7.^ 

X. 

173.5 

87 

181. 7 

8.0 

196.0 

98 

186.0 

10.4 

187.0 

5-7 

XI. 

173.6 

3-3 

173.6 

7-8 

183.8 

9-3 

182.8 

94 

180.2 

71 

XII. 

181. 2 

9^ 

176.0 

7-3 

180.3 

71 

186.8 

7-8 

198.6 

14.8 

XIII. 

181. 2 

6.4 

174.2 

12.0 

186.2 

7-1 

199.6 

II. 2 

195  2 

90 

XIV. 

180.4 

8.4 

185.8 

6.2 

192.9 

II  .0 

204.2 

16.8 

203.6 

90 

XV. 

181. 4 

8.1 

187.9 

II. 4 

178.2 

7-3 

180.4 

9'^ 

186. 1 

9-3 

XVI. 

190. 1 

1 0.0 

197.0 

8.4 

192.9 

8.4 

191. 8 

8.8 

198.8 

12.3 

Ay. 

173.4 

7-9 

175.9 

7-7 

180.5 

8.0 

183.4 

94 

Z85.O 

8-3 

P.E. 

.33 

.32 

.34 

.40 

.35 

Each  figure  in  the  body  of  the  tables  gives  the  average  of  25  reac- 
tions; the  final  averages  thus  include  400  cases  each.  In  Tables 
I.  and  II.  the  size  of  the  stimulus  is  48  mm.  sq.,  corresponding  to  the 
largest  stimulus  in  the  series  on  sizes.  In  Tables  III.  and  IV.  the 
size  is  3  mm.  sq.,  corresponding  to  the  size  in  the  time  series. 

When  these  experiments  were  nearly  completed  it  was  suggested 
that  the  intensities  be  decreased  until  the  threshold  was  reached. 
Four  more  intensities  are  therefore  added,  namely  6},  3J,  2t,  and 
}.  These  were  determined  in  the  same  manner  as  before.  The  meas- 
urements are  given  in  detail  in  the  accompanying  table: 

F.  6V.  3V«  2V,  25/32 

R-  6V4  3V«  2V,  25/32 

W.  6V,  3V»  2V,  20/32 

Av.  6V,  3Vs  2V4  3/4    appr. 

The  lowest  intensity  was  a  velvet-black  and  nothing  blacker  than 
this  could  be  obtained.  It  was  still  a  considerable  distance  above 
the  threshold.  By  decreasing  the  time  of  exposure,  which  theo- 
retically decreases  the  intensity  proportionally,  the  threshold  was 
reached  when  this  stimulus  was  exposed  for  about  5a,  about  J  of 
the  lowest  intensity  used.  For  the  purpose  of  comparison,  intensity 
10  of  the  previous  set  of  experiments  was  also  included.    On  account 
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of  limited  time,  only  200  reactions  were  taken  to  each  stimulus.  The 
results  are  given  in  Tables  V.  and  VI.  The  reaction-time  to  inten- 
sity 10  is  not  the  same  as  in  Tables  III.  and  IV.,  but  by  multiplying 
the  averages  by  208.0/206.6  and  186.0/199.6,  respectively,  the  re- 
sults are  made  directly  comparable. 


TABLE  V 

Subject  R                                               looo  reactions 

xo 

»k 

3»/i 

a*/. 

»/4 

Ser. 

Av.           M.V, 

Av.         Af.V. 

Av.         ilf.K. 

Av.         M.V. 

Av.       ;i/.r. 

I. 

196.3  10.3 

206.1      8.3 

215.2     8.7 

223.8      p.* 

229.8  JJ.7 

II. 

219.3    7-6 

207.3     ^'0 

229.7      9.7 

231.8   II. 7 

244.7    9.1 

III. 

214.2    8.1 

224.2      9.8 

2141     7-5 

220.3  '0-7 

225.8    7.7 

IV. 

1943    9.5 

196.2      9.4 

202.0    9. J 

208.2     7.J 

211. 7    9.6 

V. 

208.4    8.3 

215.8   10. 0 

213.8  9.5 

214.9     8.0 

216.5    J2.J 

Ay. 

206.5     8.8 

209.9       9,1 

215.0    8.9 

219.8     9.5 

225.7  10. 1 

P.E. 

.53 

.55 

.54 

.57 

.61 

TABLE  VI 

Subject  W                                             xooo  reactions 

xo 

6*/« 

3^ 

»»/. 

»/4 

Scr. 

Av.          M.V. 

Av.          M.V. 

Av.         M.V. 

Av.          -/I/.K. 

Av.          Af.V. 

I. 

189.3  II  5 

192.3     7  5 

192.7      <?.^ 

200.9     9-9 

201.2      7.8 

II. 

191. 9  1Z.4 

195.4   10.3 

206.5   JO. 6 

196.4  II. 2 

204.4   "5 

III. 

203.1  13.3 

203.0  10.9 

196.0   12.2 

205.8     9.9 

216.3      9.2 

IV. 

201.0  JO. 3 

203.8     7  7 

211. 5    10.4 

210.6  II. 3 

213.0     ^.^ 

V. 

194.6   8.4 

200.7  10.3 

204.2    10.6 

207.0  JO. J 

200.7     7.<? 

Av. 

196.0  II.O 

199.0     9.4 

202.2    JO.^ 

204.1  JO. 5 

207.2      9.2 

P.E. 

.66 

.56 

.62 

•63 

.55 

On  examining  the  results  so  far  obtained  we  find  that  the  time 
of  reaction  increases  as  the  intensity  of  the  stimulus  decreases.  The 
increase  shows  some  irregularities  which,  to  the  writer  at  least,  indi- 
cate that  all  the  disturbing  factors  have  not  been  eliminated.  But 
allowing  for  these,  the  conclusion  may  safely  be  drawn  that  the  time 
of  reaction  tends  to  increase  arithmetically  as  the  intensity  of  the 
stimulus  decreases  geometrically.  To  facilitate  inspection,  the  in- 
crements in  the  time  of  reaction  produced  by  the  geometrical  decrease 
of  the  stimulus  are  given  in  Tables  VII.  and  VIII.  The  relation  is 
shown  graphically  in  Figures  I.  and  II.,  where  the  abscissas  are  pro- 
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ts 


/^  L,arqB  stim> 

Small 

too      si         JtS     Ji     to     Iji      a/t  SL/t,       % 

•    —         •  ■■  '  •  ■  •  L  •TJli 

Fig.  I. — Increase  of  the  reaction-time  with  decrease  in  the  intensity  of  the 
stimulus.     Subject  R. 
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portional  to  the  logarithm  of  the  stimulus  and  the  ordinates  are  the 
reaction  times  in  terms  of  a. 


ts 


H 


Large  dim. 

Small    •' 

'      ■     ■         ■      •        ^ 


Fig.  II. — ^Increase  of  the  reaction-time  Mdtb  decrease  in  the  intensity  of  the 
stimulus.    Subject  W. 

TABLE  VII 


Int.         100     ~  s6     —  25      —  x6    —   10 

Incr. 
R. 

P.E. 

4.2 
44 

30 
4^ 

2.4 
'4^ 

30 
'4^ 

Incr. 
W. 

P.E. 

3.9 
40 

31 
.40 

2.5 
4^ 

2.6 
'44 

TABLE  VIII 


Int.        100     -   56     "  2s     —   16     -   10     —  6«/,     — 3V8     —  »'fc    —  »/4 

Incr. 
R, 

P.E. 

31 
•45 

2.9 
'44 

4-4 
.46 

6.5 
•49 

3.4 
'54 

5-1 
'55 

4.8 

5-9 
.59 

Incr. 
W. 

P.£. 

2.5 
•33 

4.6 
'33 

2.9 
'37 

1.6 

31 
.9d 

5.6 
.^7 

-1.2 
•94 

30 
.96 

IV.  THE  EFFECT  OF  VARIATION  OF  SIZE    ON  THE    TIME 

OF  REACTION 

Hcaroely  any  attempto  have  beeo  made  to  detennine  the  influence 
of  the  size  of  the  stimulus  on  the  time  of  reaction.  In  most  cases  it 
has  been  disregarded,  sometimes  to  such  an  extent  that  the  trouble 
is  not  even  taken  to  state  idiat  sizes  were  used  or  if  the  size  remained 
constant  throu^iout  the  experiment. 

Tlie  only  reference  to  this  subject  in  the  literature  on  reactiour 
time  is  found  in  a  study  by  CatteU  and  DoUey  on  reaction-time  and 
the  nervous  impulse.^  In  reaction  to  electric  stimuli  he  used  elec- 
trodes whose  diameters  were  1  nmL  and  10  mm.,  respectivdy. 
Thouf^  no  marked  differences  were  obtained  the  larger  areas  gave, 
on  the  whole,  shorter  reactions. 

On  the  other  hand,  there  have  been  frequent  observations  of  the 
effect  of  the  size  of  the  stimulus  on  the  intensity  of  the  sensatiorL 
Ole  Bull,*  Bonders,'  Fick,*  and  Guillery,*  in  their  studies  on  sight 
and  the  color  sense,  all  found  that  the  smaller  the  size  of  the  retinal 
image  the  greater  must  be  the  intensity  of  illumination  in  order  that 
the  object  may  be  perceived.  The  sensation  of  color  was  found  to 
be  influenced  in  a  similar  way  by  the  size  of  the  colored  siuf  ace.  Fors- 
ter*  expressed  the  relation  between  size  of  stimulus  and  intensity 
of  sensation  as  follows:  "Brightness  and  the  visual  angle  are  the 
two  factors  which  determine  the  vividness  (Scharfe)  of  our  visual 
sensations;  the  smaller  the  one,  the  greater  must  be  the  other  one  if 
the  stimulus  is  to  be  perceived — they  supplement  each  other." 

Ricc6'  stated  the  relation  in  mathematical  terms  as  follows:  The 
product  of  the  area  of  the  retinal  image  and  its  intensity,  or  the  prod- 
uct of  the  visual  angle  and  the  square  root  of  the  intensity  is  a  con- 
stant as  long  as  the  visual  image  does  not  exceed  the  limits  of  the 
fovea.  The  constant  in  these  and  similar  experiments  was  the  thresh- 
old. 

Aubert'  confirmed  Forster's  statement  and  expressed  the  relation 
thus:  The  visibility  of  an  object  depends  on  three  factors:  (1)  the 
absolute  brightness,  (2)  the  relative  brightness  or  contrast,  and  (3) 
the  visual  angle  or  size  of  the  retinal  image. 

»  Op.  cit.,  p.  409. 

•  Gr&i^s  Arch.   27, 

•  Arch.  f.  Ophthalmologie,  33, 

•  Pflag.  Arch.,  43,  1888. 

•  Arch.  f.  Augcnhlknde.t  31, 

•  Uehcr  Hcmeralofnc   u.    d.    Anwendung   eines   Photometers   im    Gebiete   d 
Ophthalmoiogie,  Breslau,  1857. 

'  Ann.  d*Ottamologia,  3,  3. 

^  Physiologie  d.  Netsfhaut.,  Breslau,  1865. 
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Piper*  experimented  with  stimuli  whose  retinal  images  lay  entirely 
outside  the  limits  of  the  fovea.  Using  the  threshold  as  measure  of 
sensitivity,  he  found  that  for  the  dark  adapted  eye  the  stimulus 
value  of  an  object  increases  as  the  square  root  of  the  area  of  the  retinal 
image,  or  that  the  product  of  the  intensity  by  the  square  root  of  the 
area  is  a  constant  at  the  threshold.  Combining,  then,  the  results 
of  Ricc6  and  Piper,  the  relation  between  size  and  intensity  becomes 
(1)  in  the  fovea,  intensity  X  area  =  const.;  (2)  outside  the  fovea, 
intensity  X  the  square  root  of  area  =  const.  Piper,  however,  thinks 
that  Ricc6's  results  need  confirmation. 

TABLE  IX 


Subject  R 

2000  reactions 

48 

M 

12 

6 

3 

Set. 

At.         M.V. 

At. 

M.V. 

At. 

M,V. 

At. 

M.V. 

At.         M.V. 

I. 

171. 2      8.7 

1755 

10.2 

184.8 

15  7 

180.7 

12.4 

186.2   13.2 

II. 

177.6   II. 7 

176. 1 

9-9 

178.6 

10.2 

182.2 

10.7 

193.4     9-6 

III. 

180.6  II. 8 

164.6 

7-5 

174-5 

130 

189.3 

II. 2 

192.8  10.7 

IV. 

152.6     8.3 

174.6 

II  .2 

168.7 

S.5 

170.8 

10.9 

186.6     9.6 

V. 

158.5  13  5 

181. 7 

7'i 

174.6 

71 

177.2 

8.8 

182.7     8.9 

VI. 

184.4     7-7 

189. 1 

8.2 

186.4 

7-2 

189.8 

8.1 

193-4     7.9 

VII. 

169. I  10.3 

167.8 

9'^ 

163.3 

6.8 

164.6 

10.8 

171-4     7.^ 

VIII. 

180.4  II. 8 

179-4 

10.2 

180.8 

3-7 

178.8 

7-8 

193.5     8.8 

IX. 

190.0  10. I 

188.8 

6.6 

189.5 

7-2 

190.5 

6.2 

197.3     5.^ 

X. 

170.8  10.7 

192.2 

II  .2 

195.0 

10.6 

196.5 

II. 6 

205.5  "6 

XI. 

190.3  II. 4 

184.5 

5-9 

189.2 

9.^ 

194.2 

9-^ 

202.8  II. 2 

XII. 

194.6     9.9 

197  0 

10.2 

199.6 

8.0 

202.7 

10.7 

207.8  II. 2 

XIII. 

178.2  II. 0 

184.0 

8.5 

194. 1 

9-4 

201.2 

8.6 

208.1     9.3 

XIV. 

184.  310.6 

178.0 

12.2 

194.6 

9  4 

192.2 

12.6 

191. 2  12.3 

XV. 

188.0     7.7 

190.2 

8.4 

178.6 

10.3 

198.5 

10.7 

200.7  ^^9 

XVI. 

194.2  I I. I 

193  I 

9.6 

194. 1 

12.8 

203.0 

130 

199.7  II. 4 

Ay. 

179.0  10.4 

181 .9 

9-1 

184.2 

9-3 

188.3 

10.2 

194.6  10. 1 

P.E. 

•44 

•3fi 

\ 

.39 

) 

.43 

.43 

So  far  only  the  effect  of  size  on  the  threshold  intensity  has  been 
shown.  How  it  affects  greater  intensities  must  be  discovered  by  other 
methods.  If  the  relation  between  the  intensity  of  the  stimulus  and 
the  reaction-time  is  similar  to  that  between  intensity  of  stimulus 
and  sensation,  as  the  results  already  presented  would  indicate,  the 
effect  of  size  on  supraliminal  intensities  may  be  measured  by  its 
effect  on  the  time  of  reaction. 

The  experiments  on  the  effect  of  size  on  the  time  of  reaction  were 
made  at  the  same  time  with  those  on  intensity  in  Tables  I.  and  II. 

»  Ztschr.  /.  Psychol.,  32,  98,  1903. 
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Five  sizes  were  used:  48,  24,  12,  6  and  3  mm.  sq.,  respectively.  The 
largest  of  these  would  just  about  cover  the  fovea  at  the  distance  used. 
It  was  found  in  preliminary  experiments  that  further  increase  in  the 
area  of  the  stimulus  had  hardly  any  effect  on  the  time  of  reaction. 
Piper's  observation  that  the  intensity  depended  on  the  actual  area 
and  not  merely  on  the  diameter  was  found  to  hold  also  for  reaction- 
time.  The  results  are  given  in  Tables  IX.  and  X.  Elach  figure  in 
the  body  of  the  tables  is  the  average  of  25  reactions.  There  seems 
to  be  a  marked  difference  between  the  subjects.     In  the   case  of  R. 

TABLE  X 


Subject  W 

2000  reactions 

48 

34 

la 

6 

3 

Ser. 

Ar,         M.V. 

Av.         M.V, 

Av. 

M.V. 

Av. 

M.V. 

Av.          M.V. 

I. 

155. 3  ^40 

159.9   ^^'8 

156.0 

6.4 

157.6 

9.8 

158.6      8.0 

II. 

155.5     5-3 

159.6      7.5 

162.7 

10.3 

164. 1 

8.2 

167. I     9  5 

III. 

162.4     ^'S 

164.3     9'^ 

158.8 

6.1 

175.7 

7  5 

166.8  II. I 

IV. 

160.6     6,1 

160.9     80 

166.0 

50 

171. 0 

7  7 

174.0     6.6 

V. 

163.5    8.2 

191. 0   11,2 

178.7 

5-7 

172.9 

5^ 

189.6     9.0 

VI. 

162.3    5,j 

167.4     7'S 

158.6 

5^ 

159.4 

5-5 

167-5     5  3 

VII. 

164.2  11 .g 

166.0    7.6 

153.6 

7'^ 

160.2 

4-3 

169.2     5.9 

VIII. 

158.6     9.7 

164.3    8.6 

157-5 

4-3 

160.7 

63 

172.3     6.7 

IX. 

164.0    g.2 

169.0    8.4. 

158.5 

4.2 

168.4 

50 

176.0    6.3 

X. 

175.8     9-8 

176.2  II. 1 

175.5 

96 

180.0 

10.3 

188.0     9-6 

XI. 

177.3     ^'5 

171. 0     7-5 

176.9 

8.8 

173-3 

9  5 

180.9     8.0 

XII. 

178.3  10,2 

172.4     7-5 

179.8 

7S 

180.8 

10.2 

180.8     9.3 

XIII. 

177.8  12.1 

174. I     9.1 

182.6 

12.8 

180. 1 

II  .2 

191 .0  12.5 

XIV. 

197.7  ".o 

197.6     9.7 

194.4 

8.5 

184.5 

78 

180.2     8.4 

XV. 

194.8  12.5 

176. I     8.3 

176.0 

9  7 

177. 1 

10.0 

173. I     8.9 

XVI. 

205.0  11.4 

200.9  ^5-5 

185.9 

10.3 

180.8 

87 

179.2     7^ 

Av. 

172. 1     9  5 

173.2     9-^ 

170.4 

7.6 

171. 7 

8.0 

175.9     8.3\ 

P.E. 

.40 

.41 

.32 

.34 

•35 

the  increase  is  fairly  regular  from  the  start,  but  in  the  case  of  W. 
there  is  a  slight  decrease  at  first.  This  difference  may  perhaps  best 
be  expressed  by  saying  that  the  point  beyond  which  increase  of  size 
has  no  further  effect  on  the  time  of  reaction  is  lower  in  subject  W. 
than  in  subject  R.  The  cause  of  it  may  lie  in  differences  in  the 
retinas  of  the  two  subjects,  since  in  another  research  carried 
on  in  the  same  laboratory,  W.  was  foimd  to  have  a  smaller  field  of 
distinct  vision  than  R. 

For  comparison,  the  results  on  two  other  subjects,  H.  and  F.,  are 
given  in  Tables  XI.  and  XII.  The  averages  on  subject  H.  are  ob- 
tained from  100  reactions,  those  on  subject  F.  from  225. 
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Subject  H 


500  reactions 


Ser. 


48 
At.         Af.y. 


At.         M,y. 


12 

At.         Af.y. 


Av.       M.y. 


Av.       M.y. 


I. 
11. 


169.7  ^3'^ 
184.5     8.7 


174-3     9  7 
187.8  12.4 


180.3 
188.0 


8.1 
9.6 


182.5  II. o 
191. 7     6.0 


193. I  10. J 
1945  10.3 


Ay. 

P.E. 


177. 1  10.9 
.92 


x8x. I  II. I 

.93 


184.2     8.8 

.74 


187.  X     ^5 
•71 


193.7  10. 3 
.86 


TABLE  XII 


Subject  F 

1 125  reactions 

48 

34 

13 

6 

3 

Ser. 

At. 

M.V. 

Ay. 

M,V. 

AT. 

M.y. 

At.         M.y. 

AT.      M.y. 

I. 

161. 5 

70 

166.7 

5-9 

166.2 

4'^ 

176.3     S.5 

179  0  8.3 

II. 

169.4 

8.0 

168.5 

6.4 

165.4 

8.2 

173.8     8.9 

176.8     9-3 

III. 

162.4 

9'^ 

163.6 

7-7 

168.5 

7-9 

174.0  II. 2 

183.0     7.0 

IV. 

160.0 

8.5 

150.8 

7-7 

162.6 

9.6 

166.4     9-4 

1737     9-4 

V. 

156.0 

7-4 

156.0 

7'^ 

162.9 

6.9 

154.6     9.2 

164.3    8.0 

Ay. 

162.5 

8.0 

161. 7 

6.9 

Z65.I 

7-4 

169.0     9-5 

175.4     8.4 

P.E. 

.47 

•53 

•41 

•39 

.45 

It  will  be  noticed  that  the  limit  of  decrease  for  F.  is  reached  at  24 
mm.  sq.;  just  as  it  was  for  W.  at  12  nmi.  sq.  With  these  exceptions 
the  results  agree  fairly  well. 

As  in  the  case  of  intensities,  additional  experiments  have  been 
made  on  still  smaller  stimuli  in  an  attempt  to  reach  the  threshold. 
The  decrease  of  the  size  of  the  stimulus  was  in  these  experiments 
accomplished  by  placing  the  subject  at  different  distances  from  the 
apparatus.  This  was  found  to  be  necessary,  as  a  fm-ther  decrease 
of  the  aperture  in  the  screen  would  also  reduce  the  intensity  of  the 
stimulus.  In  the  previous  experiments  the  distance  of  the  subject's 
eyes  was,  with  slight  variations,  36  cm.  The  distances  chosen  in 
these  experiments  were,  therefore,  35,  70,  140,  280,  and  660  cm., 
respectively.  Since  the  size  of  the  retinal  image  varies  inversely 
as  the  square  of  the  distance  this  arrangement  gave  a  decrease  of 
the  same  nature  as  the  one  before.  The  smallest  stimulus  was  very 
close  to  the  threshold;  in  fact  it  sometimes  happened  that  it  was  be- 
low it,  so  that  no  experiments  could  be  taken  on  that  day.  The  re- 
sults are  given  in  Tables  XIII.  and  XIV.  The  averages  for  subject 
R.  represent  200  reactions,  for  subject  W.,  80. 


22       STtMULUS-MAONITVDE  AND  REACTION-TIME 

TABLE  XIII 


Subject  R 

1000  reactions 

3 

IV, 

•/4 

»/l 

"hi 

8er. 

Av. 

M.y. 

At.         M,V, 

Av.         M,V. 

Av.         JI#.K. 

Av.           Jl/.r. 

I. 

196. 1 

6.5 

198.5   II. 9 

216.6     *.* 

238.3  JO.<? 

252.0    13.4 

II. 

203.3 

6.1 

224.2   10.9 

214.4     S.I 

216.9    10.5 

250.0      9.6 

III. 

197.3 

7-5 

200.2     8.6 

209.7     9.9 

208.9   ^0-^ 

222.9       9.  .2 

IV. 

207.1 

6.7 

206.3     9.8 

209.9     ^.i 

229.1    13.5 

238.9    10.4 

V. 

198. 1 

8.0 

205.3     S'6 

212.6  II. 2 

227.4      9.9 

255    I    'O  5 

Av. 

200.5 

70 

206.9  'O.o 

2X2.6      9.2 

225.  Z   I  J.  J 

243.8    10.6 

P.E. 

.42 

.63 

.58 

.67 

64 

A# 


f  f*  r  rM 


Fig.  III. — Increase  in  the  reaction-time  with  decrease  in  the  area  of  the  stim- 
ulus.   Subject  R. 
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Fig.  IV. — Increase  in  the  reaction-time  with  decrease  in  the  area  of  the  stim- 
ulus.   Subject  W. 

TABLE  XIV 
Subject  W  400  reactions 


Scr. 

3 
Av.        M.y. 

Av.        M.y. 

»/4 

Av.         -/I/.K. 

Av.        M.y. 

Av.       ;i/.K. 

I. 
II. 

1973   9S 

190.8    10,1 

205.3  13 '7 

192.5  21.4 

214.2  J^.O 

208.3  13.6 

238.4  IJ.2 

219. I   II. 9 

261.2  19.^ 
259.1  21.0 

Av. 

P.E. 

194.0     9  9 

1. 19 

198.9  17  5 

2. II 

211 .2    JJ.* 
1.82 

228.7  ^^-5 
I  51 

a6o.z  20.^ 

2.45 

These  results  show  that  the  time  of  reaction  increases  with  decreas- 
ing size  of  the  stimulus.    Over  a  limited  range  this  increase  v&  ts^aAi^ 


24       STIMULUS-MAGNITUDE  AND  REACTION-TIME 


by  approximately  equal  arithmetical  increments  as  the  size  of  the 
stimulus  decreases  geometrically,  but  as  the  threshold  is  approached 
the  increase  becomes  more  rapid.  To  show  this  more  clearly,  a  table 
of  the  increments  in  the  time  of  reaction,  together  with  the  P.E.'8, 
are  given  below.  The  result  is  shown  graphically  in  Figures  III. 
and  IV. 

TABLE  XV 


Incr. 
H. 
P.E. 

4.0 
93 

3.1     29    4-6 
'^4     '73     -79 

Incr. 
F. 
P.E. 

—  .8 
'49 

3.4     3-9    6.4 
.47     .40      4^ 

Incr. 
R. 
P.E, 

2.9 
41 

2.3    4.1     6.3    6.4       5.7  12.5     18.7 
39      41     '43     '53       '61      61       .63 

Incr. 
W. 
P.E. 

I.I  - 
,41 

-2.8     1.3    4.2    4.9     12.3  17.5     31.4 
'37     '33     '35  I  65    r.97  1.67    1.9S 

V.    THE  EFFECT  OF  VARIATION  OF  DURATION  ON  THE 
TIME  OF  REACTION 

No  account  seems  to  have  been  taken  in  work  on  reaction-time  of 
the  influence  of  the  duration  of  the  stimulus.  Generally,  the  stim- 
ulus has  been  allowed  to  act  imtil  the  reaction  has  been  made.  On 
the  other  hand,  the  relation  between  the  duration  of  the  stimulus 
and  the  intensity  of  the  sensation  has  been  extensively  investigated. 
The  first  one  to  call  attention  to  the  subject  was  Talbot.^  His  ex- 
periment consisted  in  revolving  a  point  of  light  at  such  a  speed  that 
the  appearance  of  a  luminous  ring  was  produced,  and  his  conclusions 
he  stated  as  follows:  "Since,  then,  these  two  things — ^the  intensity 
of  the  light  and  the  body's  remaining  in  any  given  part  of  the  cir- 
cle— are  each  inversely  proportional  to  the  circumference  of  the  cir- 
cle it  describes,  it  follows  that  they  must  be  directly  proportional 
to  each  other.''  This  principle,  known  as  Talbot's  Law,  has  later 
been  verified  by  Bloch,'  Carpentier*  and  Fick.^  Swan'  arrived 
independently  at  the  conclusion  that  when  a  light  acts  on  the  retina 
for  a  short  period  of  time  the  brightness  of  the  sensation  is  exactly 
proportional  to  the  time  dining  which  it  acts.  Exner*  found  that  the 
curve  representing  the  rise  of  a  sensation  to  its  maximum  was  a  straight 
line,  which  indicates  that  below  that  point  the  intensity  of  the  sen- 
sation is  exactly  proportional  to  the  duration  of  the  stimulus.  Mc- 
Dougall,'  after  an  extensive  study  of  the  same  problem,  arrived  at 
the  following  conclusions:  (1)  The  action-time  of  light  varies  in- 
versely with  its  intensity  from  0.2  to  0.03  sec;  (2)  when  the  dura- 
tion of  the  action  of  light  is  less  than  its  action-time,  the  intensity 
of  the  sensation  is  directly  proportional  to  the  duration  of  the  stim- 
ulus; (3)  the  action-time  of  the  minimiun  perceptible  light  is  about 
0.2  sec.  Btichner'  obtained  practically  the  same  results  except  that 
the  rise  of  the  sensation  showed  slight  oscillations,  similar  to  those 
that  follow  upon  a  momentary  excitation  of  the  retina. 

Since,  thus,  the  intensity  of  the  sensation  is  directly  proportional 
to  the  duration  of  the  stimulus,  it  would  naturally  be  expected  that 
the  two  would  affect  the  time  of  reaction  in  the  same  way.  The 
stimuli  in  these  experiments  were,  therefore,  chosen  in  such  a  man- 
ner that  they  would  produce  approximately  the  same  sensations  as 

»  Philos.  Mag.,  Ser.  3,  5,  327. 

*C.  R.dela  SociiU  de  Biologie,  1885,  Ser.  18,  p.  495. 

*  Ibid.,  1887,  a,  5. 

*  Hermann's  Handb,  d.  Physiol.,  III.,  i,  216. 

•  Trans.  Roy.  Soc.  of  Edif^rgh,  1849. 

•  SUzber,  d,  Wiener  Akad.,  1868,  Abth.  II.,  58,  601. 
'  Brii.  J.  of  Psychol,,  i,  151,  1904. 

»  Psychol.  Stud.,  Bd.  I.,  hft.  1,  1906. 
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thoee  in  the  intensity  series.  They  consisted  of  five  stripe  of  paper,  48, 
24,  12,  6  and  3  nun.  wide,  respectively.  As  the  speed  was  1  mm. 
per  a,  the  stimuli  were  exposed  for  periods  of  48,  24,  12,  6  and  3a, 
respectively.  The  durations  were  all  well  within  the  limits  of  the 
action-time.  It  would  have  been  desirable  to  decrease  the  duration 
of  the  stimulus  still  further  imtil  the  threshold  was  reached,  but  the 
mechanical  difficulties  have  so  far  proved  insuperable.  By  com- 
paring it  with  intensity,  however,  it  has  been  estimated  that  the 
threshold  of  duration  for  this  particular  white  would  lie  somewhere 
between  3/64  and  3/128<7.  The  intensity  was  100  and  the  size  of 
the  aperture  through  which  the  stimulus  was  seen  was  3  mnL  sq., 
both  being  constant  throughout.  The  reactions  were  taken  in  the 
same  series  as  those  on  intensity  in  Tables  III.  and  VL  The  results 
are  given  in  Tables  XVI.  and  XVII.,  each  of  which  contains  2000 
reactions,  25  to  each  figure  in  the  body  of  the  tables  and  400  for  each 
average. 

TABLE  XVI 


Subject  R 

2000  reactions 

48 

24 

za 

6 

3 

Ser. 

Av. 

M.y, 

Av. 

M,y. 

Av. 

M.V. 

Av. 

M.y. 

Av. 

M,y. 

I. 

185-5 

10.3 

190.5 

7  4 

188.8 

8.7 

193.8 

II. 6 

204.0 

10.7 

II. 

190. 1 

II. 4 

195.8 

10. 0 

193-3 

8.9 

195-6 

8.8 

200.1 

147 

III. 

194.6 

12.0 

199.2 

136 

207.4 

JJ.9I 203.7 

ii'S 

204.2 

16.4 

IV. 

187.8 

10.3 

185.5 

139 

199. 1 

131 

194.0 

10.5 

187.4 

II. 8 

V. 

187.6 

12.2 

199.0 

II. 6 

205.6 

II. 6 

202.0 

10. 0 

205.6 

147 

VI. 

179.4 

12.2 

174.6 

11.8 

176.7 

134 

187.8 

92 

190.7 

91 

VII. 

171. 8 

1 2. 1 

175.4 

16.7 

178.4 

13-3 

176.1 

13  4 

188.7 

136 

VIII. 

175.0 

15  7 

180.6 

12.7 

180.9 

155 

188. 1 

13  0 

179.8 

11,2 

IX. 

188.2 

13.6 

189.3 

10.7 

190.2 

12.5 

206.8 

10.5 

187.8 

13S 

X. 

204.2 

8.2 

199.7 

10.8 

205.3 

91 

201.7 

12.7 

218.6 

II. 4 

XI. 

197.2 

10. 1 

194.0 

10. 1 

204.1 

74 

207.1 

70 

206.8 

12  6 

XII. 

206.0 

13  4 

210.2 

II.O 

207.1 

II. I 

206.1 

14.6 

206.4 

II. 8 

XIII. 

205.5 

9-4 

209.9 

11.7 

189.9 

10.8 

209.2 

130 

214.7 

12.0 

XIV. 

196.9 

8.2 

195.2 

9  5 

209.7 

9  4 

204.6 

9-3 

209.7 

9.8 

XV. 

192. 1 

10.4 

197.2 

9-9 

196.4 

9  3 

193.4 

9  9 

199.0 

9.6 

XVI. 

199.2 

II. 2 

207.8 

9-2 

208.5 

8.5 

208.2 

II. 4 

207.8 

9  9 

Av. 

191. 1 

II  3 

193.5 

II  3 

196.4 

10.9 

198.7 

II.O 

200.6 

1 2. 1 

P.E. 

.48 

•48 

.46 

.46 

i 

.51 

It  is  thus  seen  that  the  time  of  reaction  increases  with  decreasing 
duration  of  the  stimulus.  If  the  irregularities  be  disregarded  as 
probably  due  to  disturbing  factors,  the  further  conclusion  may  be 
drawn  that  the  time  of  reaction  tends  to  increase  arithmetically  as 
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the  duration  of  the  stimulus  decreases  geometrically.  The  incre- 
ments and  their  P.E.'s  are  given  in  Table  XVIIL,  and  the  results 
shown  graphically  in  Figures  V.  and  VI. : 

TABLE  XVII 


Subject  W 

2000  reactions 

.  48 

24 

13 

6 

3 

9er. 

Av. 

M.V. 

Av. 

M.V. 

Av.          M.V. 

Av. 

M.V. 

Av.         M.V. 

I. 

165.3 

7.6 

165.4 

6.3 

165.3    70 

166.6 

9.0 

166.7     5-3 

II. 

168.3 

70 

166.2 

8.2 

164.6     7-9 

170.6 

8.6 

171.9  Z0.8 

III. 

170.6 

6.7 

170.9 

7.0 

170.6    3.2 

166.2 

58 

168.4     ^-^ 

IV. 

182.7 

9.8 

180.2 

91 

175.6     9.6 

181. 0 

6.6 

182.4    '0.2 

V. 

176.9 

4.6 

176.7 

3-4 

179-3     ^0 

179.4 

76 

181.7    5-5 

VI. 

171. 0 

65 

162.7 

4.8 

166.8     6.6 

166.8 

10.3 

168.6  JO.J 

VII. 

158.8 

74 

158.8 

ii'3 

169.3     7-9 

164.5 

7-5 

169.4    5-5 

VIII. 

154 -2 

11.4 

148.8 

8.8 

151.9  10.3 

161. 4 

6-4 

159.5    8.2 

IX. 

164.4 

9-7 

176.2 

12.4 

173-2     8.9 

183.0 

".5 

185.8    8.6 

X. 

173-5 

8.7 

180.9 

6.9 

181. 9     7-1 

184. 1 

76 

179.0     7-9 

XI. 

1736 

5-3 

164.9 

9-1 

177.9     ^-5 

170.7 

6.4 

172.0    7.1 

XII. 

181. 2 

9-3 

186.2 

10.7 

182.0  zz.o 

188.6 

lO.O 

197.5  IZ.O 

XIII. 

181. 2 

6.4 

201.8 

10.4 

199.4  11.6 

198.3 

137 

200.4  J2.3 

XIV. 

180.4 

8.4 

183.4 

8.7 

189.5     9-9 

200.8 

147 

204.6  13.7 

XV. 

181. 4 

8.1 

195.9 

8.9 

195.7  ^3-3 

186.8 

12.0 

189.0    7.6 

XVI. 

190. 1 

10. 0 

190.7 

11.9 

195.4     ^'3 

197.8 

JO. 4 

195.3  '0.6 

Ay. 

173.4 

7-9 

175.3 

8.7 

X77.4    8.3 

179.3 

9-3 

180.7    8.8 

P.E. 

•33 

.37 

.36 

39 

) 

.37 

Pig.  V. — ^Increase  in  the  reaction-time  with  decrease  in  the  duration  of  the 

stimulus.    Subject  R. 
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Fig.  VI. — ^Increase  in  the  reaction-time  with  decrease  in  the  duratioin  of  the 

stimulus.    Subject  W. 


TABLE  XVIII 


Incr. 

2.9 

2.3 

1.9 

K. 

P.E 

,48 

'47 

'46 

.49 

Incr. 

1.8 

2.2 

X.8 

1.5 

W. 

P.E. 

'35 

'37 

•i^ 

•i^ 

VI.  COMPARISON  BETWEEN  THE  STIMULUS  VALUES  FOR 
REACTION  OF  INTENSITY,  SIZE  AND  DURATION 

Having  thus  determined  the  relation  between  the  time  of  reaction 
and  the  several  factors  of  the  stimulus,  the  problem  remains  to  show 
how  these  are  related  to  one  another.  To  make  possible  a  direct 
comparison,  the  experiments  were  planned  in  such  a  way  that  one 
stimulus  was  to  be  common  to  the  three  series  on  intensity,  size  and 
duration.  The  intensity  of  this  stimulus  was  100,  its  size  48  mm. 
sq.,  and  its  duration  48<7.  Starting  with  this  stimulus,  the  intensity 
was  to  be  decreased  in  one  series,  the  size  of  the  next,  and  duration 
in  the  third,  the  other  two  factors  remaining  constant  in  each  series. 
Since  it  was  expected  that  a  decrease  in  duration  would  have  ap- 
proximately the  same  efifect  as  a  decrease  in  intensity,  these  two  fac- 
tors were  decreased  by  equal  amoimts  by  taking  each  stimulus  one- 
half  of  the  preceding.  But  as  the  effect  of  variation  in  size  was  found, 
from  preliminary  experiments,  to'  be  considerably  weaker,  the  size 
was  decreased  by  tiddng  each  stimulus  one-fourth  of  tie  preceding. 
The  stimuli  chosen  were  approximately  in  the  middle  of  the  scale 
of  size  and  duration  as  well  as  intensity.  If  this  plan  could  have 
been  carried  out  the  influence  of  the  several  factors  could  have  com- 
pared with  each  other  directly,  but  on  account  of  mechanical  diffi- 
culties, the  duration  of  the  largest  stimulus  could  not  be  decreased 
to  3(7.  In  all  the  experiments  on  duration,  therefore,  the  smallest 
size,  3  nmL  sq.,  had  to  be  used,  but  the  intensity  was,  as  in  the  ex- 
periment on  size,  100.  It  is  conceivable  that  the  smaller  size  in  these 
experiments  might  not  only  increase  the  time  of  reaction  but  might 
also  affect  the  influence  of  the  duration  of  the  stimulus.  To  test  this 
and  also  calculate  its  amount  if  foimd  present,  with  every  series  on 
duration,  a  series  on  intensity  was  taken,  in  which  also  the  size  of 
the  stimulus  was  3  nun.  sq.  If  the  variation  in  size  does  affect  the 
influence  of  the  intensity  the  result  from  the  two  series  should  be 
different.  Below  are  given  the  results  of  the  two  series  in  the  form 
of  increments  in  the  time  of  reaction,  I  denoting  the  larger  and  s  the 
smaller  stimulus. 


TABLE  XIX 

R. 
s. 

4.2  30  2.4  3.0 

3.1  2.9  4.4  6.5  3-4  5.1 

4.8  5.9 

I 
W. 

3.9  31  2.5  2.6 

2.5  4.6  2.9  1.6  3.1  5.6 

— 1.2  3.0 
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As  no  marked  differences  appear,  it  may  be  concluded  that  within 
these  limits  the  decrease  in  size  has  simply  increased  the  time  of  re- 
action without  affecting  the  influence  of  the  intensity  factor.  It 
may  therefore  be  safely  assumed  that  the  influence  of  duration  also 
remains  unaffected  by  the  decrease  in  size,  and  that  all  three  factors 
are  independent  variables.  The  results  from  the  experiments  on 
the  influence  of  duration  are  therefore  directly  comparable  with 
those  on  the  other  two,  just  as  if  the  size  had  been  48  mm.  sq.  in- 
stead of  3  mm.  sq. 

To  express  the  relative  effect  of  variation  of  any  factor  of  the  mag- 
nitude of  the  stimulus  the  term  stimulus  value  has  been  used.  Piper 
uses  it  in  this  sense  when  investigating  the  relation  between  the 
effect  of  variation  of  intensity  and  that  of  size  on  the  resulting  sensa- 
tion. The  relative  stimulus  value  of  size  and  intensity,  when  ap- 
plied to  the  time  of  reaction,  is  the  relative  effect  of  variation  of  these 
two  factors  on  the  time  of  reaction.  These  are  given  in  Table  XX. 
in  terms  of  increments  in  the  time  of  reaction.  The  range  of  decrease 
for  intensity  is  from  1  to  1/16  and  for  size  from  1  to  1/266.  In  order 
to  bring  the  intensity  down  to  6J,  or  approximately  1/16  of  100, 
the  increments  3.4  and  3.1,  respectively,  are  added.  ^ 


TABLE  XX 

R. 

Int. 
Size 

4.2  3.0  2.4  3.0  (+3-4)»  Total  range  =16.0 
2.9  2.3  4.1  6.3,                    "        "       -   156 

W. 

Int. 
Size 

3.9  3.1  2.5  2.6  (+31),      "        '*       =    152 
I .  I  — 2 .8  1.3  4.2,  Range  of  last  half    =     5.5 

If  the  first  half  of  the  size  series  on  W.  is  excluded  for  reasons  al- 
ready explained,  the  result  shows  that  the  effect  of  decreasing  the 
intensity  in  the  ratio  of  1/2  is  approximately  the  same  as  the  effect 
of  decreasing  the  size  in  the  ratio  of  1/4.  The  relative  stimulus  value 
of  these  two  factors  may,  therefore,  be  expressed  by  the  formula 

I  X  Vs  =  const. 

This  is  the  same  relation  that  Piper^  found  to  hold  between  these 
factors  with  respect  to  their  effect  on  sensation. 

The  meaning  of  the  formula,  as  used  by  Piper,  is  that,  provided 
the  intensity  and  area  of  the  stimulus  are  varied  so  as  to  leave  the 
product  of  the  intensity  by  the  square  root  of  the  area  alwa3rs  the 
same,  the  sensation  produced  remains  constant,  at  least  at  the  thresh- 

*  See  above,  p.  17. 

"  Ztsck  f,  Psychol.,  3a,  107,  1903. 
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old.  Similarly,  as  used  here,  the  formula  means  that  provided  the 
product  of  intensity  by  the  square  root  of  area  is  kept  constant,  the 
reaction-time  will  remain  constant. 

The  relative  stimulus  value  of  intensity  and  duration  is  shown  in 
Table  XXI.  The  range  is  the  same  for  both  factors,  namely  from 
1  to  1/16. 

TABLE  XXI 


Int. 
R. 

Diir. 

3.1  2.9  4.4  6.5  (+3-4),  Total  range  -  20.3 
2.4  2.9  2.3  1.9                     "         "       -     9.5 

Int. 
W. 

Dur. 

2.5  4-6  2.9  1.6  (+31),      "         "       -   14-7 
1.8  2.2  1.8  1.5                       "        "       =     7.3 

The  result  shows  that  the  increment  in  the  time  of  reaction  pro- 
duced by  a  decrease  of  duration  is  only  one-half  of  that  produced 
by  the  same  decrease  in  intensity,  and,  therefore,  in  order  to  obtain 
the  same  effect,  the  duration  has  to  be  decreased  in  the  ratio  of  1/4 
as  in  the  case  of  size.  Consequently,  the  relation  between  them  may 
be  expressed  by  the  formula 

I  X  Vt  =  const, 
where  T  is  the  duration  of  the  stimulus. 

This  result  is  rather  surprising  in  view  of  the  fact  that  the  inten- 
sity of  a  sensation  is  directly  proportional  to  the  duration  of  the  stim- 
ulus. Theoretically,  the  sensation  produced  by  intensity  100  exposed 
for  12o  should  be  the  same  as  that  produced  by  intensity  25  exposed 
for  48<7,  and  observation  proved  this  to  be  the  case,  but  the  reaction 
to  it  is  shorter.  Similarly,  the  sensation  produced  by  intensity  100 
exposed  for  So,  is  the  same  as  that  produced  by  61,  exposed  for  4Sa, 
but  the  time  of  reaction  to  the  former  is  10.5<7  shorter  for  R.  and 
7.4(7  shorter  for  W.  Since  .the  sensation  is  the  same  in  both  cases 
but  the  time  of  reaction  differs,  it  follows  that  the  latter  cannot  be 
dependent  on  the  former  but  is  produced  directly  by  the  stimulus. 
From  frequent  observation  and  introspection  it  became  evident  that 
the  reaction  movements  in  these  experiments  were  reflexes  with  which 
consciousness  had  little  to  do  except  to  prepare  the  subject  for  the 
stimulus.  It  is  generally  held  that  in  reflex  and  habitual  reactions 
there  are  separate  nervous  processes  for  sensation  and  movement, 
and  it  is  thought  that  these  experiments  furnish  additional  evidence 
in  favor  of  this  view. 

The  relation  between  the  stimulus  value  of  size  and  duration  may 
be  deduced  from  their  relation  to  the  stimulus  value  of  intensity. 
Since  they  stand  in  the  same  relation  to  intensity  they  should  be  equal. 
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The  actual  result  is  given  in  Table  XXIL,  where  the  range  of 
is  from  1  to  1/256,  and  of  duration  from  1  to  1/16. 

TABLE  XXII 


Size 

2.9 

2.3 

4.1 

6.3, 

Total 

range 

-15.6 

R. 

Dur. 

2.4 

2.9 

2.3 

i.9» 

(( 

«c 

-  9.5 

Size 

I.I 

—2.8 

X.3 

4.2, 

Last  half 

-  5.5 

W. 

Dur. 

1.8 

2.2 

1.8 

1.5, 

Total 

range 

-  7.3 

Bearing  in  mind  that  the  range  of  size  is  twice  that  of  duration, 
it  is  thus  seen  that  the  stimulus  value  of  these  two  factors  is  nearly, 
but  not  quite,  the  same,  that  of  duration  being  the  greater.  The 
difference,  however,  is  small  enough  to  be  due  to  occasional  errors. 
If  this  be  the  case,  the  formula  expressing  the  relation  between  them 
is 

S  X  T  -  const. 

A  suggestion  may  be  made  as  to  the  bearing  of  these  results  on 
the  interpretation  of  the  so-called  Weber's  Law.  If  the  logarithmic 
relation  is  obtained  in  nervous  processes,  which  are  independent  of 
sensation,  as  the  reaction  has  been  shown  to  be  under  certain  condi- 
tions, it  is  probable  that,  when  a  similar  relation  is  foimd  to  exist 
between  stimulus  and  sensation,  this  is  due  not  to  the  mystical  nature 
of  the  mental  processes  but  to  the  ph3rsiological  processes  involved. 


VIL  EXPERIMENTS  ON  SOUND 

There  has  been  some  disagreement  as  to  the  influence  of  intensity 
on  the  time  of  reaction  to  sound.  While  Wundt,  and  also  Berger 
and  Cattell,  found  that  the  time  of  reaction  increased  with  decreas- 
ing intensity,  Gotz  Martins^  later  reported  some  experiments  in  which 
he  found  the  intensity  of  the  sound  to  have  no  influence  whatever  on 
the  time  of  reaction.  He  further  goes  on  to  explain  that,  whenever 
lower  intensities  do  afifect  the  reaction-time,  this  is  due  to  the  fact 
that  the  attention  of  the  subject  is  not  adapted  to  the  stimulus.  This, 
he  thinks,  applies  not  only  to  sound  but  to  all  other  stimuli  Mar- 
tius'  results,  however,  are  open  to  criticism.  The  range  of  his  inten- 
sities was  small,  and  no  actual  measurement  made  of  them.  Only 
20  reactions  were  taken  to  each  stimulus,  and  since  some  of  these  were 
discarded  as  not  being  true  reactions,  each  average  is  the  result  of 
from  11  to  20  reactions.  From  such  meager  data  no  safe  conclusions 
can  be  drawn. 

Slattery'  also  reports  some  experiments  on  reaction  to  sounds  of 
different  pitch  and  intensity,  in  which  he  claims  to  find  no  effect  of 
intensity  on  the  time  of  reaction,  and  offers  his  results  as  further  proof 
of  the  correctness  of  Martins'  conclusions.  His  results,  however, 
are  also  obtained  from  a  small  number  of  experiments  to  each  stim- 
ulus. The  times,  moreover,  are  rather  long  for  reactions  to  soimd, 
282-299(7  and  249-218(7,  respectively,  for  the  two  subjects,  and  the 
mean  variations  are  extremely  large,  61-72(7  and  57-68(7,  respect- 
ively. Finally,  the  results  differ  for  the  two  subjects,  increasing 
with  decreasing  intensity  for  the  more  practiced  subject,  and  the  re- 
verse for  the  other.  No  valid  conclusion  as  to  the  relation  between 
intensity  of  stimulus  and  time  of  reaction  can  be  drawn  from  these 
results,  but  they  serve  to  show  the  desirability  of  further  investiga- 
tion of  the  subject.  For  this  reason,  as  well  as  for  the  purpose  of 
comparing  results  from  different  sense  departments,  a  set  of  experi- 
ments on  soimd  were  made.  It  was  clearly  understood,  however, 
that  none  but  the  most  general  relation  between  stimulus  and  time 
of  reaction  could  be  established  in  this  field,  since  a  reliable  method 
of  measuring  the  intensity  of  soimd  is  still  lacking. 

The  apparatus  used  in  these  experiments  was  a  slightly  modified 
form  of  an  apparatus  constructed  by  Ernest  Kempton  Adams  for 
measuring  the  sensitiveness  to  differences  in  the  intensity  of  soimd. 
It  consisted  of  a  cylindrical  block  of  soft  iron  resting  on  a  low  wooden 
stand  and  carrying  two  uprights,  1.3  m.  long.  To  one  of  these  a  mag- 
net was  fastened  in  such  a  manner  that  it  could  be  adjusted  at  differ- 

>  Phil.  Stud.,  7,  469. 

•  Stud.  fr.  Yale  Psych.  Lab.,  1892-1893,  p.  71. 
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ent  distances  from  the  block.  The  magnet  was  used  to  drop  a  steel 
ball  of  perfectly  spherical  fonn  and  of  uniform  composition  as  far  as 
could  be  determined.  The  diameter  of  the  ball  was  13  mnL  and 
its  weight  8.37  g.  Direct  contact  with  the  magnet  was  prevented 
by  covering  the  latter  with  a  piece  of  chamois  skin.  An  immediate 
drop  of  the  ball  was  thus  obtained  as  soon  as  the  current  through 
the  magnet  was  broken.  A  hard  rubber  tube  fitted  to  the  ball,  1 
cm.  long,  was  glued  to  the  end  of  the  magnet  and  this  served  to  keep 
it  in  place  and  guide  it  in  the  first  part  of  its  fall.  The  top  of  the 
block  was  inclined  at  an  angle  of  45^,  so  that  the  ball,  on  striking 
it,  bounced  off  and  was  received  noiselessy  by  a  basket.  In  order 
to  reduce  the  sound  as  far  as  possible,  the  block  was  covered  by  five 
thicknesses  of  cloth  weighing  10.6  mg.  per  sq.  cm.  The  apparatus 
was  placed  at  one  end  of  an  inside  dark-room  of  the  laboratory,  where 
the  noise  from  the  street  could  be  but  faintly  heard.  At  the  other 
end  of  the  room,  6.6  m.  away,  the  subject  was  seated  with  his  right 
ear  toward  the  source  of  sound,  but  in  such  a  manner  that  he  could 
not  see  the  ball  as  it  fell.  The  recorder,  the  chronoscope  and  the 
apparatus  for  operating  the  magnet,  were  in  another  room,  separa- 
ted from  the  first  by  two  doors  and  an  intervening  room.  One  of 
the  doors  was  left  open  so  that  the  soimd  of  the  chronoscope,  which 
served  as  a  preparatory  signal  for  the  subject,  could  just  barely  be 
heard.  The  apparatus  for  the  making  of  the  circuit  and  releasing 
the  ball  consisted  of  a  Scripture  multiple  key,  through  which  passed 
both  the  current  from  the  gravity  cells  operating  the  chronoscope 
and  the  current  from  the  University  lighting  plant,  which  operated 
the  magnet.  In  the  circuit  of  the  latter  a  lamp  battery  was  inserted 
in  order  to  obtain  the  required  resistance.  By  means  of  this  key 
the  ball  was  released  simultaneously  with  the  closing  of  the  chrono- 
scope circuit.  The  time  of  demagnetization,  though  not  measured, 
was  imdoubtedly  small,  so  that  the  ball  may  be  regarded  as  begin- 
ning its  fall  at  the  instant  the  current  through  the  chronoscope  was 
closed.  The  time  of  fall  was  calculated  from  the  height  and  sub- 
tracted from  the  total  time.  The  time  required  for  the  sound  to  travel 
from  the  apparatus  to  the  observer,  amounting  to  20rT,  was  also  sub- 
tracted. A  third  person  picked  up  the  ball  and  placed  it  in  position 
again  as  soon  as  it  fell.  This  permitted  the  series  to  be  taken  rapidly 
and  regularly,  one  reaction  being  taken  on  the  average  every  nine 
seconds.  As  the  top  of  the  block  was  slanting,  a  horizontal  devia- 
tion of  the  ball  might  introduce  considerable  error  in  the  results. 
There  were,  however,  no  air  currents  in  the  room  to  deflect  the  ball 
from  its  course.  Oscillations  of  the  rods  carrying  the  magnet  were 
prevented  by  clamping  their  upper  ends  to  the  wall.  It  is,  there- 
fore, believed  that  the  error  due  to  this  cause  is  very  slight.     An 
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actual  test  of  its  extent  was  made  by  letting  the  ball  fall  on  a  sheet 
of  white  paper  glued  to  the  block.  Every  drop  of  the  ball  made  a 
dot  on  the  paper  and  a  determination  of  the  mean  variation  of  100 
such  dots  would  indicate  the  extent  of  the  error.  But  this  was  found 
to  be  so  small  that  an  exact  calculation  of  it  was  not  deemed  neces- 
sary; it  was  considerably  less  than  la.  The  order  of  presenting 
the  stimuli  was  the  same  as  in  the  experiments  on  visual  stimuli. 
The  experiments  were  made  on  two  subjects,  W.  and  B.,  either  in 
the  evening  or  at  such  other  times  as  would  be  free  from  disturbing 
noises  in  the  corridors  and  other  parts  of  the  building.  Five  differ- 
ent intensities  were  used,  produced  by  letting  the  ball  drop  from 
successive  heights  of  16,  121,  324,  625  and  1024  mm.,  this  being  the 
greatest  range  permitted  by  the  apparatus. 

The  results  with  their  A.D.'s  and  P.K's  are  given  m  Tables  XXIII. 
and  XXIV.,  which  contain  each  2000  reactions,  400  for  each  stim- 
ulus and  80  for  each  figure. 

TABLE  XXIII 
Subject  W  2000  reactions 


1034                    635 

324 

131 

16 

Scr. 

Av.          M.V.  Ar.         M.V. 

1 

Av.          M.V. 

Av.          M.  V. 

Av.         M.V. 

I. 

I 
1399     S.8\  1436  12.0 

153.9   149 

176.4   II. 3 

200.8   13.7 

II. 

126. I     9.2,130.7     9.4 

130.8     9-7 

141. 8     9.9 

190.8   17.8 

III. 

125.7     9.2   128.4     8.9 

137  9  13  7 

141. 8  13.9 

197.2   19.4 

IV. 

123.8     9.4 

124.0     9-3 

129.7  II. 9 

147-7  13  9 

"^ll'h   13  S 

V. 

139  2     91 

144.7  12.8 

151. 6  14.6 

153.3  14-2 

191. 7   20.6 

Av. 

130.9     91 

134.3  10.5 

140.8  13.0 

152.2   12.6 

191.6   17. 1 

P.E. 

•38                   .44 

.55 

•53 

•72 

TABLE  XXIV 

Subject  B 

20c 

»  reactions 

1034 

625 

324 

131 

16 

Ser. 

Av.        M.y. 

Av.          3/.  V. 

Av.          Af.  V. 

Av.          Af.  V. 

Av.         M.  y 

I. 

168.5  14- 4 

178.2    13.7 

180.9  ^3-^ 

209.9   19.6 

261. I  24.2 

II. 

1555   14  9| 158.3  22.0 

152.6  16.6 

1977  JO. 7 

220.8  23.2 

III. 

157.4   15.2 

153.2    144 

152.6  14.7 

176.6   14.9 

219.5  19  s 

IV. 

166. I    14.3 

161 .4   16.2 

174.5  17.6 

195.6    22.2 

229.5  24.3 

V. 

150.4   II. 4 

158.7   II-7 

163.7  14  9 

1744  ^4-9 

229.6  19.9 

Av. 

159.6   14.0 

161. 9  15.6 

164.9  15  5 

190.8    20.4 

233.1    22.3 

P.E. 

•59 

.66 

.65 

.86 

•94 
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Fig.  VII. — Increase  in  the  reaction-time  to  sound  with  decrease  in  the  intensity 
of  the  stimulus.    Subject  W. 

The  results  are  shown  graphically  in  Figures  VII.  and  VIII.,  where 
the  ordinates  are  proportional  to  the  time  of  reaction  in  o  and  the 
■abscissas  to  the  logarithm  of  the  intensity  of  the  sound  as  calculated 
from  the  formula 

/  =  M  X  H, 
M  being  the  mass  and  H  the  height  of  fall  of  the  steel  ball. 

It  is  evident  that  the  time  of  reaction  increases  with  decreasing  in- 
tensity of  sound  and  that  this  decrease  cannot  be  due  merely  to  the 
non-adjustment  of  attention,  for  the  attention  had  ample  time  to  be- 
come adjusted  and  did  become  adjusted  to  the  stimulus  in  a  series 
of  80  reactions  to  the  same  intensity.  If  the  ph3^ical  intensity  of 
43ound  be  taken  proportional  to  the  height  of  fall  of  the  ball,  the  in- 
crease in  the  time  of  reaction  is  somewhat  more  rapid  than  the  cor- 
responding decrease  in  the  logarithm  of  the  stimulus,  but  as  long 
as  the  relation  between  the  height  of  fall  and  the  ph3^ical  intensity 
of  sound  is  not  definitely  settled,  none  but  a  general  inverse  relation 
can  be  established. 
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Fig.  VIII. — Increase  in  the  reaction-time  to  sound  with  decrease  in  the  inten- 
aty  of  the  stimulus.    Subject  B. 


VHL  CONCLUSION 

The  purpose  of  this  investigation  has  been  to  inquire  into  the  re- 
lation between  the  magnitude  of  the  stimulus  and  the  time  of  reac- 
tion. This  has  been  done  for  all  three  factors  of  the  magnitude  in 
the  ease  of  visual  stimuli  and  for  intensity  in  the  ease  of  sound.  The 
results  may  now  be  briefly  sununarized. 

1.  A  historical  survey  of  the  subject  shows  that  the  time  of  reac- 
tion has  been  found,  in  a  general  way,  to  vary  inversely  as  the  inten- 
sity of  the  stimulus,  but  semi-constant  errors,  which  are  apt  to  influ- 
ence all  reaction-time  experiments,  have  so  obscured  the  results  as 
to  make  a  more  definite  statement  of  the  relation  impossible. 

2.  The  experiments  here  made,  though  perhaps  slightly  influenced 
by  the  same  errors,  show  that  in  the  middle  of  the  scale  the  time  of 
reaction  tends  to  increase  arithmetically  as  the  magnitude  of  the 
stimulus  decreases  geometrically,  and  that  this  applies  to  all  three 
factors  of  the  magnitude. 

3.  The  experiments  on  sound  show  that  a  general  inverse  relation 
exists  between  the  intensity  of  stimulus  and  the  time  of  reaction, 
but  on  account  of  the  lack  of  a  reliable  measure  of  the  ph3rsical  inten- 
sity of  soimd  a  more  definite  relation  cannot  yet  be  established. 

4.  The  relation  of  the  several  factors  of  the  stimulus  to  each  other, 
or  their  relative  stimulus  value,  may  be  expressed  by  the  formulas 

I  X  VS  =  const.;  I  X  Vf  =  const.;  S  X  T  «  const. 
The  writer  desires  to  express  his  great  obligations  to  Professor 
Cattell,  Professor  Woodworth  and  Professor  Thomdike  for  their 
kind  interest  and  valuable  suggestions,  and  to  Dr.  Henmon,  Dr.  Wells, 
Mr.  Ruediger  and  Mr.  Brown,  of  the  Department  of  Psychology, 
for  their  generous  assistance  as  subjects  in  these  experiments. 
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INTRODUCTION 

Almost  every  student  is  familiar  with  the  recent  rapid  growth  of 
knowledge  in  the  psychology  and  physiology  of  reading.  It  is  a  rather 
common  remark,  however,  that  this  growth  is  not  equally  distributed 
between  the  two  phases  of  the  problem,  progress  on  the  strictly  psy- 
chological side  having  scarcely  kept  pace  with  that  on  the  side  of  phys- 
iology. From  the  very  nature  of  the  case  one  could  hardly  expect 
it  to  be  otherwise,  since  so  many  of  the  psychological  problems  depend 
for  their  solution  on  questions  of  physiology,  and  since  methods  of 
investigating  problems  of  a  purely  psychological  character,  in  so  far 
as  they  are  not  identical  with  those  of  physiology,  are  naturally  less 
well  developed  because  of  the  peculiar  complexity  of  many  of  these 
problems.  It  is  not  surprising,  therefore,  that  the  criticism  should 
be  made  that  as  yet  many  of  our  psychological  theories  of  reading  rest 
on  a  much  too  slender  basis  of  fact  and  that  the  problems  demand 
further  studies  of  a  more  specialized  character,  emplo3dng  methods 
calculated  to  3deld  a  larger  amount  of  objective  data  which  may  be 
rigidly  dealt  with  in  accordance  with  recognized  statistical  methods. 
However  much  students  of  the  problem  may  differ  in  regard  to  the 
value  of  current  psychological  theories,  probably  all  will  agree  that 
the  time  is  opportune  for  such  specialized  studies.  At  any  rate  it 
was  in  this  belief  that  the  present  study  was  begun. 

It  was  planned  accordingly  to  limit  the  scope  of  the  investigation 
to  a  single  problem,  and  to  rely  as  far  as  possible  upon  statistical 
methods  for  results.  ^The  particular  problem  chosen  is  the  factors 
and  processes  involved  in  word  perception  as  it  takes  place  in  adults 
in  normal  visual  reading.  'As  anticipated,  however,  this  has  turned 
out  to  be  by  no  means  a  simple  problem;  in  fact,  it  has  proved  to  be 
much  too  comprehensive  for  a  satisfactory  treatment  of  its  many  phases 
within  the  brief  scope  of  a  study  of  this  character.  Attention  has 
therefore  been  confined  almost  exclusively  to  those  phases  which  seemed 
to  lend  themselves  most  readily  to  the  statistical  method  and  which 
thus  gave  promise  of  most  immediate  returns.  This  mode  of  procedure, 
to  be  sure,  may  tend  to  a  certain  incoherency  and  incompleteness  of 
results  but,  in  addition  to  the  practical  advantage  mentioned,  it  should 
have  a  tendency  to  free  the  investigator  from  theoretical  bias  as  far 
as  that  is  possible. 

On  the  whole,  the  results  obtained  are  in  fairly  close  agreement  with 
those  of  certain  other  studies.  As  might  be  expected,  however,  this  is 
not  true  in  all  cases,  and  the  writer  has  thus  been  led  to  make  some 
independent  generalizations,  which,  are  offered  merely  as  tentative, 
and  may  be  of  value  only  as  h3rpotheses  for  further  investigation. 


6  PERCEPTUAL  FACTORS  IN  READING 

The  following  is  a  brief  general  statement  of  the  plan  of  the  study. 
The  first  part  is  devoted  primarily  to  a  study  of  context  as  a  condi- 
tion of  word  recognition.  Experiments  were  made  both  by  the  method 
of  rapid  reading  and  by  the  method  of  short  exposures.  The  material 
used  in  the  first  of  the  rapid  reading  experiments  consisted  of  simple 
sentences,  miscellaneous  words,  and  consonants  miscellaneously  ar- 
ranged. For  the  remainder  of  these  experiments,  longer  selections 
of  reading  matter  were  broken  up  and  arranged  in  different  ways  so 
that  the  different  arrangements  would  contain  varjdng  amoimts  of 
the  element  of  context.  The  difference  in  time  required  for  reading 
the  different  arrangements  was  then  taken  as  a  measure  of  the  value 
of  the  various  contextual  factors.  For  the  short  exposure  experi- 
ments short  sentences  were  broken  up  in  the  same  manner  as  the  above 
and  presented  in  different  forms,  the  amounts  read  per  exposure  in 
this  case  being  taken  as  a  measure  of  the  value  of  the  different  elements 
of  context  contained  within  the  sentence.  In  addition  to  these  ex- 
periments which  were  devoted  primarily  to  a  study  of  context,  all  the 
experiments  of  the  remaining  part  of  the  study  have  been  so  arranged 
as  incidentally  to  test  the  value  of  this  factor.  The  principal  part  of 
the  investigation  is  found  in  the  second  division  of  the  study  which  is 
concerned  with  the  factors  and  processes  of  word  perception,  partic- 
ularly those  of  a  more  habitual  and  automatic  character.  The  method 
employed  in  these  experiments  was  that  of  successive  short  exposures, 
an  adaptation  of  the  ordinary  tachistoscopic  method  of  reading  de- 
signed to  approximate  as  far  as  possible  the  normal  reading  process. 
The  conclusion  contains  a  brief  summary  of  the  results  together  with 
their  more  obvious  applications  and  relations  to  other  studies. 

The  writer's  interest  in  this  problem  grew  out  of  a  brief  unpublished 
study  on  ''Higher  Language  Habits"  which  he  carried  on  in  the  psy- 
chological laboratory  of  the  University  of  Indiana  under  the  direction 
of  Professor  W.  L.  Bryan.  The  problem  was  later  definitely  outlined 
and  experimentation  was  continued  in  the  psychological  laboratory 
of  the  University  of  Chicago  under  the  direction  of  Professor  J.  R. 
Angell.  The  final  work  of  experimentation,  and  the  calculation  and 
writing  up  of  results  were  done  in  the  psychological  laboratory  of  Colum- 
bia University  under  the  direction  of  Professor  J.  McK.  Cat  tell.  In- 
valuable criticism  and  encouragement  have  been  received  from  each 
of  the  above-named  teachers,  also  from  Professors  J.  A.  Bergstrom  of 
the  University  of  Indiana,  J  B.  Watson  of  the  University  of  Chicago, 
E.  L.  Thorndike  and  R.  S.  Woodworth  of  Columbia  University.  About 
seventy  different  persons  have  kindly  serv^ed  as  subject  in  the  shorter 
experiments.  Those  who  have  served  in  the  longer  and  more  trying 
experiments  and  to  whom  the  author  is  especially  indebted  are  the 
following:  Professor  Angell,  Mr.  H.  A.  Carr,  Mr.  C.  H.  Bean,  Miss 
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C.  J.  Weidensall,  and  Mrs.  Hamilton.  The  latter  has  also  assisted  in 
the  rather  long  and  tedious  work  of  calculation  of  results  and  in  the 
preparation  of  manuscript. 

It  has  not  seemed  best  to  set  apart  a  special  chapter  for  a  formal 
discussion  of  the  literature  but  to  distribute  this  discussion  throughout 
the  text  in  connection  with  the  various  experiments. 


CHAPTER  I 

THE  INFLUENCE  OF  CONTEXT  UPON  THE   PERCEPTION 

OF  WORDS 

I.  Rapid  Reading  Experiments 

Experiment    I.  Sentences,    Words    and    Consonants.    Practice    Cwrve 

Method 

The  first  experiment  was  carried  on  by  the  writer  and  consisted  in 
reading  at  a  maximum  rate  three  sets  of  material  of  eleven  selections 
each,  made  up  respectively  of  (1)  simple  sentences,  (2)  simple  words  in 
miscellaneous  order,  and  (3)  consonants  arranged  miscellaneously. 

'  Each  sentence  or  group  of  miscellaneous  words  or  consonants  consisted 
of  twenty-five  units,  i.  e.,  twenty-five  words  or  as  many  oonaonants 
as  the  case  might  be.  All  words  used  were  monosyllalnc  and  were 
chosen  as  nearly  equal  in  difficulty  as  was  possible  a  priori. 

The  experiment  was  carried  on  by  the  practice  curve  method  and 
there  was  no  restriction  as  to  the  particular  method  of  reading  except 
that  the  subject  was  careful  to  recognize  distinctly  every  unit  of  the 
group.  The  time  was  taken  with  a  stop-watch  and  was  recorded  im- 
mediately after  each  reading,  together  with  the  introspective  observa- 
tions. Each  selection  was  read  daily  for  a  period  of  five  or  six  days. 
Half  of  the  experiments  were  made  with  the  reading  matter  presented 
in  the  normal  position,  and  the  other  half  was  presented  upside  down. 

:  The  daily  program  was  briefly  as  follows:  (1)  Beginning  with  the  in- 
verted matter,  sentences  first,  the  subject  would  read  one  sentence 
ten  times,  allowing  thirty  seconds  for  rest  after  each  reading.  (2) 
Allowing  one  minute  for  rest  after  the  completion  of  this  group,  he 
then  took  up  a  selection  from  the  sentences  in  normal  position  and  read 
it  ten  times  in  the  same  way.  (3)  After  one  minute's  rest,  miscellane- 
ous upside  down  words,  (4)  miscellaneous  words  in  normal  position, 
(5)  miscellaneous  consonants  upside  down,  and  (6)  miscellaneous  con- 
sonants in  normal  position  were  respectively  taken  up  and  disposed  of, 
each  in  its  turn  in  the  same  manner. 

In  the  course  of  the  experiment,  then,  upon  the  eleven  different 
selections  presented  in  each  of  the  groups  there  was  a  total  of  550 
readings  per  group  and  in  some  cases  more.  440  cases  for  each  of  the 
selections  are  tabulated  below. 

Table  I  exhibits  the  results  for  the  rapid  reading  of  sentences,  mis- 
cellaneous words,  and  miscellaneous  consonants  in  the  normal  position. 
The  figures  represent  the  average  reading  time  per  unit,  i,  e.,  per  word 
or  per  consonant  in  four  stages  of  the  practice,  i,  e.,  (1)  the  first  ten 
readings,  (2)  the  second  ten,  (3)  the  third  ten,  (4)  the  fourth  ten.     This 
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is  of  course  the  equivalent  of  reading  one  selection  of  average  diflBculty 
2750  times.  On  this  basis  each  number  in  the  table  represents  the 
average  reading  time  per  imit  in  its  own  group  in  the  particular  stage 
of  practise  where  it  is  found. 

TablsI 
The  average  reading  time  in  seconds  per  word  and  per  consonant  in  the  rapid 
reading  of  sentences,  miscellaneous  words  .and  consonants. 

Eleven  selections  of  twenty-five  units  each. 
Normal  position.  Subject  H.  Practise  curve  method. 


Reading!. 

Words  in 
sentences. 

Miscellaneotts 
words. 

Miscellaneons 
consonants. 

M.               M.V. 

M.              M.V. 

M.              M.V. 

I  St  ten 
2nd  ten 
3rd  ten 
4th  ten 

.1572           .OI22 
.1408           .0102 
.1385            0056 
.1352           .0042 

2838          .0259. 
.2442          .0220 
.2297          .0200 
.2026          .0144 

.2184          .0294 
.l8lO          .0163 
.1589          .0118 
.1421           .0114 

Table  II  gives  the  same  information  for  the  rapid  reading  of  sen- 
tences, miscellaneous  words,  and  consonants  upside  down,  the  number 
of  cases  and  the  conditions  being  otherwise  the  same. 

Tablb  II 
The  average  reading  time  in  seconds  per  word  and  per  consonant  in  the  rapid 
reading  of  sentences,  miscellaneous  words,  and  consonants. 

Eleven  selections  of  twenty-five  units  each. 

Inverted  position.  Subject  H.         Practise  curve  method. 


Readings. 

Words  in 
sentences. 

Miscellaneotts 
words. 

Miscellaneous 
consonants. 

M.              M.V. 

M.               M.V. 

M.               M.V. 

I  St  ten 
2nd  ten 
3rd  ten 
4th  ten 

•2595            0312 
.2132           .0175 
.2020          .0108 
.1918           .0087 

.4135            0902 
•3700           .0530 
.3086           .0273 
•2775            0176 

.3419           .0386 
•2805           .0335 
.2469           .0256 
.2244           .0185 

These  tables  show  that  for  both  the  normal  and  the  inverted  positions 
the  order  of  the  ability  is  the  same  in  all  stages  of  the  practise.  The 
order  of  ability  runs:  (1)  Words  in  sentences,  (2)  consonants,*  and  (3) 
miscellaneous  words.  The  rate  of  improvement  is  much  greater  in 
both  of  the  miscellaneous  arrangements  than  in  the  sentences,  the  order 

^  This  agrees  with  the  results  of  Professor  Cattell  who  fotmd  that  the  per- 
ception time  for  letters  is  very  little  shorter  than  for  words.  *'  Ueber  die  Zeit  der 
Erkenntmg  tmd  Benenntmg,"  Phil.  Studien,  2. 
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of  improvement  being  as  follows:  (1)  Miscellaneous  consonants,  (2) 
miscellaneous  words,  and  (3)  words  in  sentences. 

This  fact  is  further  illustrated  in  Tables  III  and  IV  where  mis- 
cellaneous consonants  and  miscellaneous  words  are  compared  in  terms 
of  per  cents  with  words  in  sentence,  considering  the  ability  in  the  read- 
ing of  words  in  sentences  as  a  standard  and  assuming  it  to  be  one  hun- 
dred per  cent.  The  exact  amount  of  this  improvement  from  stage  to 
stage  is  measured  by  the  increase  of  the  per  cents  in  the  colimms  of 
consonants  and  words. 

Tablb  III 

Comparison  in  terms  of  per  cents  of  ability  for  reading  material  in  normal 
position,  using  ability  in  reading  words  in  sentences  as  standard. 


Readings. 

Sentences. 

Words. 

I  St  ten 
2nd  ten 

3rd  ten 
4th  ten 

100 

*t 

55-3 
57.6 

60.3 
66.7 

71.9 
77.7 
87.2 

95.1 

Table  IV 
Comparison  in  terms  of  per  cents  of  ability  for  reading  inverted  material, 
using  ability  in  reading  words  in  sentences  as  standard. 


Readings. 


I  St  ten 
2nd  ten 
3rd  ten 
4th  ten 


Sentences. 


Words. 


62.7 
57.6 

654 
69.1 


Consonants 


75.8 
76.0 
81.8 
85 -4 


The  shapes  of  the  curves  of  practise  differ  for  the  different  classes  of 
material.  This  dissimilarity  appears  in  Tables  V  and  VI  which  ex- 
hibit the  total  gain  for  each  group  together  with  the  distribution  of 
this  gain  throughout  the  different  stages  of  the  practise.  The  record  of 
the  first  ten  readings  is  used  here  as  a  standard. 


Table  V 

The  total  per  cent  of  gain  and  its  distribution  throughout  the  practise 
matter  in  normal  position.     Standard:  first  ten  readings. 


for 


Readings. 

From  I  St  to  2nd  ten 
From  2nd  to  3rd  ten 
From  3rd  to  4th  ten 
Total  per  cent  of  gain 

1 
Sentences.       \          Words. 

Consonants. 

17. I 
10.5 

7-3 
34.9 

II-       !     139 

.8            1              5.1 

2.2                          9.6 

14.                           28.6 
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Table  VI 

The  total  per  cent  of  gain  and  its  distribution  throughout  the  practise  for  matter 
in  inverted  position. 

Standard:  ist  ten  readings. 


Readings. 

Sentences. 

Words. 

Consonants. 

From  ist  to  2nd  ten 
From  2nd  to  3rd  ten 
From  3rd  to  4th  ten 
Total  per  cent  of  gain 

17.8 
4.3 
3-9 

26. 

10.5 
14.8 

7-5 
32.8 

17.9 
9-8 

4-4 
311 

These  tables  show  that  the  distribution  of  gains  is  closely  correlated 
with  the  total  amount  of  gain.  The  form  of  distribution  may  be  stated 
as  follows: 

The  less  the  total  amoimt  of  gain  in  a  given  series  of  trials,  the  more 
that  gain  tends  to  be  concentrated  in  the  eariy  part  of  the  practise* 
Put  conversely  in  terms  of  habit,  the  principle  may  be  formulated  thus^ 
the  farther  the  method  of  reading  is  removed  from  the  habitual,  the 
greater  is  the  total  amoimt  of  gain  in  a  given  number  of  trials  and  the 
more  evenly  are  these  gains  distributed,  throughout  the  period  of  prac-^ 
tise,  i.  e.y  the  more  gradual  is  the  curve  of  improvement.  For  example, 
in  the  reading  of  sentences,  from  sixty  to  eighty  per  cent  of  the  total 
gain  appears  in  the  first  half  of  the  curve. 

Besides  the  intrinsic  difference  in  complexity  of  different  classes  of 
material  for  the  purposes  of  rapid  reading,  the  experiments  show  that 
there  is  a  considerable  difference  between  different  selections  of  the 
same  class.  Although  the  selections  within  a  given  group  were  judged 
a  priori  to  be  equal  in  difficulty,  there  is  as  a  matter  of  fact  a  more  or 
less  permanent  disparity  between  such  materials.  The  existence  of 
this  disparity  does  not,  however,  invalidate  the  conclusions  already 
reached.  It  rather  indicates  the  unfitness  of  such  material  for  wide 
practical  use  in  experimentation,  because  of  the  large  number  of  ex- 
periments necessary  to  compensate  for  this  variable  element  and  the 
consequent  difficulty  in  securing  subjects  who  could  devote  the  req- 
uisite amount  of  time  to  it.  In  order,  therefore,  to  secure  data  from 
a  larger  number  of  individuals,  certain  modifications  of  material  were 
introduced,  though  the  general  method  and  purpose  of  the  experi- 
ment remained  the  same. 

To  approximate  as  nearly  as  possible  the  content  of  normal  reading 
matter,  the  material  chosen  for  the  next  three  series  of  experiments 
consists  of  well  unified  and  intrinsically  interesting  paragraphs.  To 
facilitate  calculation,  they  are  limited  to  exactly  one  hundred  words- 
each.  None  but  common  words  were  used,  and  these  were  of  as  great 
a  variety  as  possible.    The  material  was  read  in  four  different  arrange- 
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ments  which  may  be  designated  as:  (1)  Whole  paragraphs,  (2)  mia- 
cellaneoiis  sentences,  (3)  miscellaneous  phrases,  and  (4)  miscellaneous 
words;  that  is,  (1)  each  paragraph  was  read  as  a  unit,  thus  giving 
full  influence  of  paragraph  context,  (2)  the  paragraph  context  was 
destroyed  by  arranging  miscellaneously  the  sentences,  whose  context  re- 
mained, and  (3)  the  paragraph  and  sentence  contexts  were  both  destroyed 
and  only  that  of  the  phrase  kept  intact.  This  was  done  by  rear- 
ranging miscellaneously  all  the  phrases  of  the  entire  paragraph,  re- 
taining the  capitals  and  other  marks  of  punctuation  as  ear-marks  of 
sentence  and  paragraph  structure,  and  (4)  all  the  words  of  the  para- 
graph were  juggled  into  miscellaneous  order,  with  the  pimctuation  marks 
as  the  only  semblance  of  context  left.  In  short,  the  attempt  was  to 
secure  as  nearly  a  perfect  context  as  possible,  step  by  step  to  reduce  it, 
and  at  each  step  to  find  the  exact  minimum  reading  time.  Obviously, 
it  is  impossible  to  remove  entirely  the  element  of  context,  for  there 
will  still  remain  an  ideal  context  as  long  as  the  word  or  character  has 
any  definite  meaning,  nor  on  the  other  hand  is  it  possible,  save  theoret- 
ically, to  obtain  a  context  which  is  absolutely  perfect. 

Following  is  a  sample  of  these  paragraphs,  arranged  in  the  four  dif- 
ferent ways.    Eleven  different  sets,  similar  to  the  sample,  were  iised. 

PARAGRAPH  FORM 

A  great  many  centuries  ago,  long  before  printed  books  and  newspapers  were 
known,  there  was  an  age  of  great  intellectual  darkness  and  confusion.  This  dark 
period  was  the  separating  era  between  ancient  and  modem  civilizations.  Justice 
and  liberty  were  unknown  terms  in  those  days.  The  world's  chief  occupation 
was  quarreling  and  fighting.  A  man's  power  was  determined  by  his  physical 
strength  and  by  the  lands  he  possessed.  From  the  poor  peasant  to  the  king  no 
person  was  in  the  least  secure.  Plots  and  insurrections  disturbed  every  nation 
from  within,  while  from  without  frequent  invasions  of  barbarian  hordes  devas- 
tated the  lands. 

MISCELLANEOUS  SENTENCE  FORM 

Plots  and  insurrections  disturbed  every  nation  from  within,  while  from  with- 
out frequent  invasions  of  barbarian  hordes  devastated  the  lands.  The  world's 
chief  occupation  was  quarreling  and  fighting.  This  dark  period  was  the  separa- 
ting era  between  ancient  and  modem  civilizations.  A  man's  power  was  deter- 
mined by  his  physical  strength  and  by  the  lands  he  possessed.  A  great  many 
centuries  ago,  long  before  printed  books  and  newspapers  were  known,  there  was 
an  age  of  great  intellectual  darkness  and  confusion.  From  the  poor  peasant 
to  the  king,  no  person  was  in  the  least  secure.  Justice  and  liberty  were  unknown 
terms  in  those  days. 

MISCELLANEOUS  PHRASE  FORM 

Plots  and  insurrections  by  his  physical  strength,  while  from  without  frequent 
invasions  between  ancient  and  modem  civilizations.  The  world's  chief  occupa- 
tion of  barbarous  hordes  disturbed  every  nation  from  within,  and  by  the  lands 
he  possessed.  A  man's  power  was  determined  and  newspapers  were  known, 
devastated  the  lands.  From  the  poor  peasant  to  the  king  long  before  printed 
books  and  confusion.     Justice  and  liberty  were  unknown  terms  was   quarreling 
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and  fighting.  A  great  many  centuries  ago,  was  the  separating  era  no  person  was 
in  the  least  secure.  This  dark  period  there  was  an  age  of  great  intellectual 
darkness  in  those  days. 

MISCELLANEOUS  WORD  FORM 

A  and  every  disturbed  of  devastated  between  while  before  ancient  within  and 
insurrections  nation  liberty  from  possessed.  Justice  newspapers  by  and  man's 
the  his  were  and  barbarous  from  was  and  modem  there  person  lands.  From 
was  physical  unknown  printed  hordes  the  quarreling  and  without  in  were  was 
intellectual  long  days.  The  separating  books  strength,  peasant  the  was  no  of 
age,  least  great  poor  many  darkness  power  era  the  was  confusion.  A  centuries 
term  determined  the  those  occupation  great  to  an  fighting.  This  and  age  king 
known,  chief  world's  by  lands  in  secure.  Plots  the  dark  he  frequent  periods  in- 
vasions civilizations. 

In  carrying  out  the  experiment  the  different  arrangements  of  the 
words  were  alternated  systematically  so  as  to  avoid  giving  any  one 
arrangement  an  imdue  advantage  over  the  others.  Three  different 
classes  of  persons  were  tested:  (1)  Public  school  children  from  nine  to 
twelve  years  of  age;  (2)  educated  adults,  advanced  university  students; 
(3)  trained  psychologists,  graduate  students  and  teachers. 

Experiment  2.    Reading  of  ParagraphSf  Sentences,  Phrases  and  Words 

by  Children 

The  children  were  practised  individually,  each  child  being  given  ten 
trials,  one  trial  each  day  for  ten  days.  The  material  was  printed  in 
good,  clear  ten  point  type  and  the  reading  was  done  orally  at  a 
maximum  rate.  The  time  of  each  reading  was  taken  by  means  of  a  stop- 
watch. '  In  case  a  child  hesitated  unduly  on  a  word,  he  was  prompted 
by  the  experimenter.  This  diflBculty,  however,  seldom  occurred  and 
gradually  disappeared  after  a  few  trials.  Table  VII  gives  the  average 
reading  time  per  word  for  eight  individuals  in  the  four  different  arrange- 
ments of  the  material. 

Tablb  VII 

The  average  reading  time  in  seconds  per  word  for  children  from  nine  to  twelve 
years  of  age. 


Paragraph. 

Sentences. 

Phrases. 

Words. 

Mean 
M.  V. 

.429 
047 

.456 
.047 

.466 
.041 

.660 
.078 

With  two  or  three  minor  exceptions  the  reading  time  throughout  N 
was  diminished  consistently  with  the  increasing  organization  of  the  ^ 
material.    Representing  these  records  in  terms  of  per  cents  by  using  the 
reading  time  in  the  paragraph  arrangement  as  a  standard,  we  have 
a  more  direct  comparison  of  the  reading  abilities  in  these  four  ar- 
rangements of  the  material. 
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Tabi^  VIII 

Comparison  in  per  cents  of  the  quickness  of  children  in  reading  four  arrange* 
-ments  of  words,  using  the  speed  of  reading  the  paragraph  as  a  standard. 


Pariflrraph. 

Sentences. 

Phraaes. 

Words. 

lOO 

94 

92 

65 

Ezperiment  3.    Reading  of  Paragraphs,  Sentences,  Phrases  and  Words 

by  Adults 

The  next  test  was  made  with  forty-one  students  of  an  advanced 
<5lass  in  pedagogy.  Each  member  of  the  class  was  provided  with  a 
typewritten  copy  of  the  four  different  arrangements  of  the  material 
described  above,  and  upon  a  signal  given  by  the  conductor  each  person 
read  as  much  as  possible  in  ten  seconds.  Two  trials  were  given  but, 
:as  there  were  a  number  of  errors  in  the  first  trial  due  to  lack  of  famili- 
arity with  the  experiment,  the  second  trial  was  taken  as  the  best 
measure  of  the  rapid  reading  ability  of  the  class.  Instructions  were 
^ven  to  read  as  rapidly  and  accurately  as  possible,  each  using  his  own 
method  in  the  reading.  Table  IX  gives  in  seconds  the  average  mini- 
mum reading  time  per  word  for  the  forty-one  subjects  in  each  of  the 
four  arrangements  of  the  material. 

Tablb  IX 
The  average  minimum  reading  time  per  word  for  advanced  university  students. 


Paragraph. 

Sentences. 

Phrases. 

Words. 

Mean 
M.  V. 

.1294 
.0176 

.1324 
.0190 

.1562 
.0231 

2057 
.0392 

As  in  the  case  of  the  children  the  rate  of  reading  for  adults  decreased 
with  a  decreasing  amount  of  organization  of  material,  though  the 
-amount  of  this  decrease  is  greater.  Table  X  compares  these  records 
directly  in  terms  of  per  cents  by  using  the  reading  time  of  the  paragraph 
arrangement  as  a  standard. 

Table  X 

Comparison  of  the  reading  ability  of  adults  in  terms  of  per  cents,  using  the 
speed  of  reading  the  paragraph  as  a  standard. 


Paragraph. 


Sentences. 


97-7 


Phrases. 


82.8 


Words. 


62.8 
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The  large  absolute  difference  between  the  readmg  times  of  children 
and  adults,  shown  by  a  comparison  of  Tables  VII  and  IX,  is  not  to  be 
accounted  for  wholly  on  the  basis  of  maturity,  for  it  must  be  remem- 
bered that  the  children  were  limited  to  oral  reading  of  printed  matter 
and  that  the  adults  read  typewritten  material  silently.  The  individual 
differences  are  considerably  greater  among  the  adults  than  among  the 
children,  though  these  differences  for  the  adults  would  doubtless 
have  been  reduced  by  an  equal  amount  of  practise. 

Experiment  4.    Reading  of  Paroffrapha,  Sentences,  Phrases  and  Words 

by  Psychologists 

The  psychologists  practiced  individually  and  were  given  one  trial 
at  each  of  several  different  one  hundred  word  selections,  arranged  in 
the  four  different  ways  already  described.  Table  XI  gives  in  seconds 
the  average  minimum  time  required  per  word  for  the  selections  read, 
together  with  the  mean  variations  for  each  individual  in  reading 
different  selections. 

TablbXI 

The  average  minimum  reading  time  in  seconds  per  word  for  experienced  psy- 
chologists. 


Subject. 

Paragraph. 

Sentences. 

Phrases. 

Words. 

Nttmber  of 
words  read. 

M.         M.V. 

M.         M.V. 

M. 

M.V. 

M.          M.V. 

A. 

.137       .008 

.159      .009 

•195 

.Oil 

.272      .008 

500 

W. 

.201       .043 

.254      .033 

.248 

•030 

.349        051 

700 

B. 

.243       .028 

.252      .027 

•324 

.021 

.433        063 

800 

C. 

.185       .019 

.228      .038 

.241 

.033 

.338      .016 

700 

As  a  check  on  the  accuracy  of  the  reading,  each  person  was  asked 
after  each  reading,  to  give  all  the  facts  he  could  remember  of  what  he 
had  read.  In  the  case  of  miscellaneous  phrases  and  words,  this  report 
was  necessarily  quite  general,  consisting  of  a  description  in  a  general 
way  of  the  universe  of  thought  suggested  by  the  reading.  This  con- 
dition may  partly  explain  the  generally  longer  reading  times  of  Table 
XI  over  those  of  Table  IX,  though  it  is  safe  to  assume  that  the  greater 
scientific  interest  and  maturity  of  the  subjects  whose  records  are  found 
in  Table  XI  would  tend  to  produce  greater  accuracy  and  a  consequent 
increase  of  the  reading  time. 

Comparing  in  per  cents  each  individual's  record  for  the  reading  of 
sentences,  phrases,  and  words  with  his  record  in  the  paragraph  as  a 
standard,  we  get  the  results  in  Table  XII. 
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Tablb  XII 

Comparison  in  per  cents  of  reading  ability  in  paragraphs,  sentences,  phrases, 
and  words  for  adults  (psychologists)  using  the  paragraph  as  a  standard. 


Subject. 

Paragraphs. 

Sentences. 

Phrases, 

Words. 

A. 

lOO 

86.1 

70.2 

50.3 

W. 

<( 

79-1 

81.0 

57.5 

B. 

i< 

96.4 

75  0 

56.1 

C. 

<< 

81. 1 

76.7 

54-7 

This  table  shows  that  only  about  half  as  much  can  be  read  in  the 
miscellaneous  word  arrangement  as  in  the  paragraph,  about  three- 
fourths  as  much  in  the  phrase  arrangement,  and  six-sevenths  as  much 
in  the  miscellaneous  sentences.  The  first  of  these  results  agrees  with 
the  conclusion  of  Professor  CattelP  who  found  that  words  and  letters 
out  of  context  require  approximately  twice  as  much  time  for  recogni- 
tion as  those  in  context. 

It  may  be  concluded  from  these  experiments  that  what  we  call  con- 
text is  a  complex  affair,  and  that  each  of  its  constituent  elements,  t.  e., 
the  phrase,  the  sentence,  the  paragraph,  etc.,  has  presumably  a  defi- 
nite measurable  value  as  a  factor  in  word  recognition.  The  influence 
of  these  contextual  factors  varies  with  different  individuals,  with 
maturity,  with  practise,  and  with  different  selections  of  reading  matter, 
the  latter  varying  directly  as  the  perfection  of  the  context. 

Some  of  the  introspective  observations  are  of  sufficient  interest  to 
deserve  mention.  For  example,  in  the  reading  of  miscellaneous  words 
and  consonants,  the  writer  found  that  grouping  the  units  had  the  effect 
of  increasing  the  rate,  the  maximum  speed  being  attained  by  groups 
of  three.  Of  twenty-five  subjects  tested  on  this  point  all  but  one  foimd 
the  same  result.  The  advantage  of  such  grouping  was  less  marked, 
however,  in  the  early  stages  of  practice,  particularly  if  the  units  or 
their  order  were  imusually  strange  or  difl&cult. 

Certain  other  devices  were  often  found  by  the  writer  to  assist  in  in- 
creasing the  rate,  and  these  held  for  all  the  arrangements  of  the  material. 
For  instance,  silent  reading  usually  brought  higher  speed  than  oral 
reading.  But  if,  as  it  sometimes  happened,  the  reader  reached  a  dead 
level  of  practise  by  this  method,  he  was  usually  able  to  break  the  spell 
by  introducing  oral  expression  for  a  few  trials.  Another  means  which 
was  often  effective  imder  these  circumstances  was  to  run  over  in  the 
mind  a  new  and  faster  rhjrthm  just  before  beginning  to  read.  Im- 
mediately after  making  a  new  record  in  this  way  there  would  be  a  period 
of  struggle  which  lasted  for  a  time,  until  the  old  rhjrthm  habit  was  en- 

*  "Ueber  die  Zeit  der  Erkennung  und  Benennung"  Phil.  Siudien,  2. 
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tirely  broken  up  and  displaced  by  the  new.    But  as  soon  as  a  new 
pace  had  been  set  by  one  method,  It  was  as  a  rule  easy  to  duplicate  it 
by  the  other- 
Another  fact  commented  upon  by  a  number  of  subjects  was  the 

relatively  large  amount  of  superfluous  imagery  and  the  large  number 
of  irrelevant  associations,  which  accompanied  the  readmg  of  miscel- 
laneous matter.  In  the  reading  of  imperfect  contexts  greater  effort 
was  required  and  subjects  described  such  reading  as  distinctly  unpleas- 
urable. 

In  the  actual  perception  of  words  or  word  groups,  two  phases  of 
attention  movement,  which  were  described  by  subjects,  seemed  to 
occupy  separate  moments  in  consciousness*  The  phase  which  appeared 
first,  as  a  rule,  was  a  movement  predominantly  of  the  synthetic  type, 
by  means  of  which  a  word  or  group  of  words  was  fixed  upon  as  a  whole 
with  little  if  any  consciousness  of  details*  The  second  phase  consisted 
of  a  movement  of  the  analytic  type,  by  means  of  which  the  details  of 
the  group  were  identified  as  far  as  necessary  and  exact  meanings  de- 
termined, A  peculiar  exception  to  the  above  order  was  occasionally 
noted »  in  which  the  analytic  phase  seemed  to  precede  and  the  details 
to  arise  independent  of  the  group.  For  the  moment  all  effort  to 
effect  a  fusion  would  be  thwarted  and  then  suddenly  the  elements 
would  shoot  together  involuntarily,  and  group  themselves  in  a  logical 
arrangement. 

It  was  of  course  in  these  more  automatic  activities  that  subjects 
encountered  the  greatest  difficulty  in  making  the  analysis*  There 
could  be  but  little  certainty  in  determining  the  detailed  processes  by 
means  of  which  word  perception  is  accomplished,  since  the  method 
did  not  yield  any  great  amount  of  objective  data  which  could  be  dealt 
with  statistically  and  so  warrant  the  formulation  of  a  definite  theory. 

II.  READmo  BY  Short  Expobtjhes 
The  next  step  in  the  study  therefore  was  to  employ  a  method  more 
refined  J  farther  removed  from  the  ordinary  method  of  percei\ing  words  j 
and  so  better  calculated  to  yield  such  objective  data*  Fortunately, 
the  tachistoscopic  method  has  been  found  to  be  effective  for  this 
purpose  and  is  one  which  approximates  the  conditions  of  normal  reading 
sufficiently  to  warrant  the  application  of  data,  thus  obtained,  to  many 
of  the  problems  of  word  perception,^ 

*  Professor  Dodge  (Psych.  Bui,  Vol  II.,  No,  6,  p.  20)  has  expressed  doubt 
as  to  whether  *'  the  results  of  minimum  exposure  and  threshold  stimulation  may 
be  transferred  bodily  to  the  processes  of  normal  reading  without  domg  violence 
to  the  facts. "  It  is  not  contended  here  that  the  results  of  tachistoscopic  reading, 
whatever  the  length  of  exposure^  can  be  indiscriminately  applied  to  the  normal 
reading  process.  Surely  no  one  would  seriously  contend  that  the  strictly  quan- 
titative aspect  of  such  results  could  be  thus  applied^ 
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The  observation  of  Lamare  and  Javal^  that  in  reading,  the  eyes  do 
not  move  by  continuous  sweeps  across  the  page,  but  by  a  series  of 
short  jerky  movements  ("par  saccades")>  has  recently  been  scientific- 
ally confirmed  by  a  number  of  investigators.'  Moreover,  it  has  been 
determined  that  during  these  short  movements  of  the  eye  the  retinal 
impressions  received  are  of  little  or  no  consequence  in  the  actual  process 
of  reading.'  Between  these  short  movements  there  is  a  period  when 
the  eyes  are  comparatively  at  rest.  This  period,  commonly  known 
as  the  "reading  pause, "  has  a  duration  which  varies  widely  with  dif- 
ferent individuals  and  also  with  the  same  individual  in  reading  different 
materials,  but  with  the  ordinary  reader  it  probably  averages  about  one- 
fifth  or  one-third  of  a  second.^ 

From  these  facts  of  eye  movement,  it  is  evident  that  only  those 
processes  of  word  perception  yield  to  the  tachistoscopic  method  of 
study  which  are  foimd  within  this  short  period  when  the  eyes  are  at 
rest.  To  facilitate  such  study,  various  students  of  the  problem  have 
found  it  necessary  to  keep  the  length  of  exposure  less  than  the  length 
of  the  shortest  reading  pause  in  normal  reading.  It  remains  to  ad- 
just this  method  to  the  conditions  of  the  problem  and,  if  possible,  to 
make  a  somewhat  more  precise  and  extended  anal3rsis  than  has  here- 
tofore been  attempted. 

Experiment  5.     Tachistoscopic  Reading  of  Short  Sentences,  Phrases  and 
Words  by  Psychologists 

The  next  experiment  is  a  brief  preliminary  study,  by  the  method  of 
short  exposures,  of  the  ability  to  read  the  same  words  arranged  in  three 
different  forms,  viz.,  sentences,  miscellaneous  phrases,  and  miscellane- 
ous words.  The  main  purpose  of  the  experiment  was  to  make  a  com- 
parison of  the  reading  ability  under  these  conditions  as  measured  by 
(1)  the  amounts  read  per  exposure,  (2)  the  variation  of  the  amoimts 
read  from  exposure  to  exposure,  (3)  the  distribution  of  the  amoimts 
read  over  the  area  of  clear  vision.    Incidentally,  the  experiment  was 

"  Annates  (TOculistique,  82,  252,  1879  (Note). 

'  Notably  the  following:  (a)  Erdmann  and  Dodge:  Psychologische  Unier- 
suchungen  uber  das  Lesen  auf  Expertmentelier  Grundlage,  Halle,  1898.  (6) 
Huey:  ''The  Psych,  and  Physiol,  of  Reading,"  Am.  J.  Psych.,  10,  11,  and  12. 
(c)  Dearborn:  "The  Psychology  of  Reading,"  Arch,  of  PhUos.,  Psych.,  and  Sci. 
Methods,  No.  4. 

•  Professor  Cattell  first  called  attention  to  this  problem  in  a  study  "On  Re- 
lations of  Time  and  Space  in  Vision,"  Psych.  Rev.,  7.  Professor  Dodge  ex- 
pressed the  view  that  it  was  due  to  the  fusion  of  the  impressions  received  during 
eye  movement,  "Visual  Perception  during  Eye  Movement,"  Psych,  Rev.,  7. 
Professor  Holt  believes  that  it  is  the  result  of  central  anesthesia,  Harvard 
Psychological  Studies,  Vol.  i. 

*  See  Huey  and  Dearborn,  Op.  Cit. 
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totended  to  test  the  introspective  observations  made  duririg  the  ex- 
periments  by  the  method  of  rapid  reading  in  reference  to  the  move- 
ments of  the  attention  and  the  more  automatic  processes  in  word 
recognition. 

The  apparatus  used  consisted  of  a  modified  form  of  the  Cattell  fall- 
screen^  adjusted  bo  as  to  expose  the  reading  matter  for  a  period  of 
.^1  second.  The  material  to  be  read  was  typewritten  and  pasted 
on  cards  so  that  at  the  moment  of  exposure  the  geometrical  middle  of 
the  reading  matter  would  coincide  with  the  middle  of  the  slot  in  the 
exposure  screen.  The  size  of  the  objective  groups  varied  from  four  ^ 
to  six  words,  containing  a  total  of  about  fourteen  to  nineteen  lettera 
and  covering  a  space  on  the  card  of  forty-five  to  sixty  millimeters  my 
length.  The  experiments  were  carried  on  in  a  dark  room  in  order  to 
secure  uniformity  in  light  conditions  which  was  not  otherwise  possible 
in  the  rooms  where  the  experiments  were  conducted.  The  light  was  a 
sixteen  candle-power  electric  bulb  which  was  placed  to  the  left  on  a 
level  with  the  slot  and  so  shaded  as  to  avoid  any  disturbance  from  the 
glare*  Before  beginning  any  series  of  experiments^  subjects  were  al- 
lowed a  few  minutes  for  adaptation  to  the  novel  Ught  conditions  and 
were  given  a  few  preliminary  tests  to  satisfy  themselves?  that  the  adap- 
tation was  sufficiently  complete. 

Five  subjects  were  tested  in  this  experiment,  all  being  trained  psy-    I 
chologists  with  the  exception  of  one  who  was  a  college  graduate  and 
a  high  school  teacher  of  English.    This  subject  also  had  a  general 
knowledge  of  psychology  and  of  psychological  methods. 

The  manner  of  conducting  the  experiments  was  the  following: 
subjects  were  asked  to  focus  for  the  exact  middle  point  of  the  slot, 
i,  e.,  the  place  where  the  middle  point  of  the  reading  matter  was  to 
appear  at  the  time  of  exposure.  Each  person  was  allowed  to  choose 
his  own  normal  distance  for  reading.  As  an  aid  in  directing  the  focus, 
a  fine  black  thread  was  stretched  horizontally  in  front  of  the  screen 
on  a  level  with  the  line  of  words  to  be  read.  At  right  angles  to  this  thread 
and  intersecting  it  at  the  middle  point  was  drawn  a  black  line  on  the 
gray  screen  which  covered  the  words,  the  fixation  point  bemg  the  point 
of  intersection  of  the  thread  and  the  line*  Each  card  was  exposed  but 
once,  and  after  the  exposure  the  subject  gave  out  orally  all  that  was 
readj  stating  the  various  degrees  of  certainty  for  each  word  or  part  of 
word,  and  otherwise  describing  the  Impressions  together  with  any  sub- 
jective phenomena  that  might  be  interesting  or  significant. 

This  report  was  recorded  by  the  experimenter.  In  conducting  the 
experiment,  care  was  taken  to  alternate  the  exposures  of  the  various 
arrangements  of  the  material  in  order  to  avoid  favoring  any  one  above 
another*  The  smallest  number  of  experiments  for  any  individual  was 
thirty-five  and  the  highest  number  mnety-three. 
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Table  XIII.  gives  the  absolute  amounts  read  per  exposure  by  the 
different  subjects  in  each  of  the  different  arrangements  of  the  materiaL 
The  figures  represent  millimeters. 

TablsXIII 

The  amottnt  in  millimeters,  of  words  arranged  in  sentences,  misoeUaneous 
phrases,  miscellaneous  words,  read  at  a  single  exposure  of  .021  second. 


Sntrject. 

Sentences. 

Pbnaes. 

Words. 

M.                   M.V. 

M.                  M.V. 

M.                  M.V. 

A. 
M. 

W. 
B. 
C. 

41.6           10.3 
23.6           II. I 
33.1           10.7 
25.4             7.8 
42.8          6.6 

34-5         10.5 

17.6  8.0 

27.7  10. I 

23.4          41 
34.9         10.4 

12.9           6.6 
13  I            58 
16.3           7.1 
13  I            6.5 
23.6          12.3 

These  results  show  a  marked  advantage  for  the  sentences  over  the 
phrase  arrangements,  and  a  still  greater  advantage  for  the  phrase  ar- 
rangements over  those  of  miscellaneous  words.  ^This  is  shown  both  by 
the  means  and  the  mean  variations.  In  all  cases  the  absolute  size  of 
the  means,  and  in  most  cases  the  relative  size  of  the  mean  variations 
are  larger  as  the  context  is  more  complete.  The  averages  representing 
the  abilities  in  reading  these  different  arrangements  of  the  material 
are  compared  directly  in  terms  of  per  cents,  in  Table  XIV,  using  the 
ability  in  reading  words  in  sentences  as  a  standard  or  one  himdred 
percent. 

TablbXIV 

Comparison  in  terms  of  per  cents  of  the  reading  abilities  for  words  in  sentences» 
miscellaneous  phrases,  and  miscellaneous  words. 


Sntdect. 

Sentences. 

Phnses. 

Words. 

A. 

100 

71.5 

29.4 

M. 

IC 

74.3 

55.2 

W. 

" 

79.2 

46.9 

B. 

Cf 

90.0 

50.4 

C. 

It 

80.4 

28.3 

These  remarkable  differences  would  probably  be  reduced  with  prac- 
tise, though  they  are  significant  as  representing  the  comparative  ini- 
tial difficulty  of  words  when  presented  in  these  different  forms.  The 
results  suggest  that  the  higher  logical  processes  enter  into  and  reinforce 
the  processes  of  perception  to  a  greater  extent  than  we  are  accustomed 
to  suppose  and  that  in  so  far  as  tachistoscopic  experiments  hitherto 
have  not  taken  these  factors  sufficients  into  accoimt,  we  are  liable 
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to  considerable  error  in  applying  their  results  to  the  processes  of  word 
perception  in  normal  reading. 

The  great  influence  of  context  is  also  shown  by  the  relative  size  of 
the  variabilities.  This  may  be  calculated  by  dividing  the  averages 
into  the  variabilities  or  preferably  into  the  square  roots  of  the  varia- 
bilities. We  will  not  take  the  space  for  recording  these  data,  but  the 
comparison  shows  with  two  very  slight  exceptions  that  the  relative 
variability  increases  very  rapidly  with  a  decrease  of  context. 

In  regard  to  the  distribution  of  the  portions  read  over  the  clear  field 
of  vision,  the  results  show  certain  differences  in  the  different  arrange- 
ments of  the  material,  but  not  such  as  are  easily  interpreted  as  due  to 
the  var3ring  amounts  of  the  contextual  factor.  Tabl^  XV  shows  the 
per  cent  of  all  that  was  read  (1)  to  the  left  and  (2)  to  the  right  of 
fixation. 

Tablb  XV 

The  per  cent  of  all  that  was  read  to  the  left  and  to  the  right  of  the  fixation 
point. 


Subject. 

Phrases. 

Words. 

I^fl. 

Right 

I^ft. 

Right. 

I^. 

Right 

A. 

50.0        50.0 

50.3         49-7 

53-3        46.7 

M. 

47.2         52.8 

58.6         41.4 

55.1         44-9 

W. 

43.4        56.6 

47.8         52.2 

38.3        61.7 

B. 

73.0        27.0 

82.1         17.9 

66.3        33.7 

C. 

47.5         52.5 

42.3        57-7 

415         58.5 

The  peculiar  shifts  from  one  side  of  the  field  to  the  other  which  are 
noticed  in  certain  cases  may  be  accoimted  for  by  the  position  of  certain 
words  which  happened  to  be  specially  familiar  or  interesting  to  the 
subject  or  possibly  more  objectively  prominent.  Accident  would 
account  for  this  result  only  if  the  number  of  experiments  was  too  small 
to  eliminate  the  effect  of  chance  in  attending  to  one  side  or  the  other. 
But  where  the  subject  habitually  read  to  the  same  side  as  was  true  in 
the  case  of  B.,  it  is  quite  possible  that,  though  the  subject  may  have 
fixated  as  per  instructions,  he  imconsciously  attended  more  to  one  side 
of  the  point  of  fixation  than  to  the  other.  This  phenomenon  is  one  of 
interest  and  deserves  special  study  on  its  own  accoimt,  but  as  it  does 
not  immediately  concern  my  main  problem  I  shall  not  pursue  the  in- 
vestigation any  further  at  this  point. 

It  should  be  remarked  in  passing  that  in  this  experiment  subjects 
were  often  able  to  describe  the  process  of  word  perception  with  more 
or  less  detail.  At  almost  every  exposure  one  or  more  of  the  words  were 
only  partially  perceived,  and  in  such  cases  the  character  and  the  order 
of  the  phenomena  were  readily  detected    These  descriptions  tended 
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to  confinn  the  introspective  reports  given  in  the  rapid  reading  experi- 
ments, but  it  is  not  necessary  to  present  the  data  here  because  the  next 
experiment  which  we  have  to  describe  will  afford  a  larger  niunber  of 
cases  of  the  same  general  character  which  wiU  be  tabulated  and  dis- 
cussed fully. 


CHAPTER  n 
THE    FACrOBS  AND  PROCESSES  OF  WORD  PERCEPTION 

I.    SIZE,  FORM  AND  ELEBfENTS  OP  THE  VISUAL  READING  MELD 

A  valuable  result  of  the  foregoing  experiment  was  that  it  suggested 
certain  modifications  of  the  method  which  seemed  to  approximate  more 
nearly  the  conditions  of  normal  word  perception.  The  principal 
modification  consisted  in  the  use  of  longer  selections  of  reading  matter 
including  three  different  arrangements,  the  paragraph,  miscellaneous 
phrases,  and  miscellaneous  words,  which  were  read  by  successive  ex- 
posures in  such  a  way  as  to  render  the  procedure  as  nearly  as  possible 
similar  to  the  successive  reading  pauses  in  normal  reading. 

As  suggested  above  we  are  doubtless  in  danger  of  misrepresenting 
the  facts  if  we  attempt  to  apply  indiscriminately  the  results  of  tachis- 
toscopic  studies  to  the  ordinary  reading  process,  and  my  experiments 
thus  far  indicate  that  the  artificiality  of  such  results  is  augmented 
more  or  less  wherever  the  experiments  have  been  confined  to  the 
reading  of  materials  with  little  or  no  contextual  connection.  More- 
over, it  is  the  supposition  of  the  next  experiment  that  this  artificial 
character  of  results  may  be  further  avoided  by  employing  a  method  of 
exposure  more  closely  approximating  the  method  of  procedure  in 
ordinary  reading.  The  opportunity  for  this  improvement  is  afforded 
by  the  fact  that  in  ordinary  reading  not  all  the  impressions  received 
during  a  reading  pause  are  interpreted  correctly  at  that  moment. 
The  vague,  indefinite  impressions  of  the  right-hand  margin  of  one 
reading  pause  become  therefore,  the  correctly  interpreted  impressions 
of  the  next,  and  so  on,  which  is  the  equivalent  of  two  exposures  by  the 
tachistoscopic  method,  the  first  of  which  is  in  the  margin,  the  second 
in  the  most  distinct  portion  of  the  visual  field. 

ExperimerU  6.  Tachistoscopic  Reading  by  Successive  Exposures  {Psy- 
chologists) 

In  the  following  experiment  I  have  attempted  to  incorporate  both 
of  these  conditions  as  far  as  the  tachistoscopic  method  will  allow.  As 
in  the  second  experiment  in  rapid  reading,  well  unified  paragraphs 
were  selected.  These  also  contained  one  himdred  words  each  and  were 
presented  in  the  three  different  arrangements  used  in  the  above  ex- 
periment. This  material  was  then  typewritten  and  the  sentences  or 
groups  were  cut  and  pasted  on  long  strips  of  cardboard  so  that  the 
line  of  words  would  be  maintained  at  a  constant  level  in  the  slot  of 
the  exposure  screen.  j 

The  reading  was  then  carried  on  by  exposing  this  material  from 
left  to  right,  section  by  section,  so  that  no  part  which  was  correctly 
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read  was  exposed  a  second  time,  except  in  the  few  cases  where  the  order 
was  reported  wrongly,  or  where  the  subject  overlooked  or  misread 
a  word  in  the  left  portion  of  the  field.  In  these  cases  a  second  exposure 
or  even  more,  if  necessary,  was  given.  As  a  get-ready  signal  the  ex- 
perimenter spoke  out  the  words  read  correctly  in  the  previous  exposure. 
Immediately  after  the  exposure,  the  subject  read  aloud  all  the  words 
he  saw  distinctly,  also  all  he  saw  less  distinctly,  stating  the  d^ree  of 
certainty  in  each  case.  Besides  the  portions  read  correctly,  subjects 
were  asked  to  describe  all  other  appearances  as  accurately  as  possible. 
For  example  they  would  report  their  estimate  of  the  total  nimiber  of 
words  exposed  and  their  recollections  of  the  form,  size,  shape,  number 
of  letters,  etc.,  of  each  word.  They  also  reported  any  isolated  letters  or 
groups  of  letters  clearly  seen  whether  in  the  clear  or  the  obscure  portion 
of  the  field.  This  report  the  experimenter  recorded  fully  as  per  sample 
which  follows: 

Subject  A,  Paragraph  5,  Sentences  I  and  II. 
"A  baby  beaver  was  caught  and  given  to  a  gentleman  as  a  pet.    Beavers,  you 
must  understand,  build  dams  in  which  they  can  make  their  houses." 

Record. 
Exposures. 
I.  I.  A  (heavy?) 

2.  baby 5-6. 

3.  beaver ? 

4.  was  (crawling?) 

5.  caught 3-4. 

6.  and  given 

7.  to  a  gentleman  (Only  form  of  last  seen.) 

8.  as  a  pet. 

II.  I.  Beavers  (the) 

2.  you — ^4. 

3.  must  (acknowledge?)     (Expected  "acknowledge.") 

4.  understand  (-anticipation.) 

5.  build  dams  (got  "dams"  from  help  of  context.) 

6.  in  which — ^4. 

7.  they  can 

8.  make 5-6. 

9.  their  (homes.)     (-anticipation.) 

10.  houses.     (Preferred  "homes,"  saw  "h- -n?  - -s"  and  interpreted  it  as 
"houses.") 

The  various  items  in  this  record  were  tabulated  imder  the  foUowiiv^ 
headings:     distinct,  doubtful,  correct  form,  incorrect  form,  no  form, 
partial  substitutions,  total  substitutions,  omissions,  prominent  letter^ >  i 
positive  anticipation,  negative  anticipation,  memory,  after  imagei: 
suggested  word,  attention,  delayed  recognition,  lapse,  etc.,  etc. 

Under  distinct,  doubtful,  etc.,  the  amount  read  was  recorded  iig 
words,  letters,  millimeters.  Under  prominent  letters,  record  was  made^-) 
of  initial,  middle,  and  final  letters,  etc.    The  light  conditions  and  the 
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precautioiis  taken  for  adaptation  were  the  same  ag  those  in  the  previouB 
experiment.  Each  subject  was  allowed,  aa  in  the  former  case,  to  select 
his  own  normal  reading  distance-  As  a  guide  in  securing  proper  focus, 
faint  black  lines  were  drawn  on  the  gray  screen,  showing  the  exact 
position  of  the  words.  One  line  drawn  vertically  showed  the 
extreme  left*hand  margin  or  beginning  point  of  the  reading  material, 
another  faint  dotted  line  drawn  horizontally  showed  the  exact  level 
.  of  the  line  of  words  to  be  read*  With  these  limits  defined,  the  subject 
was  allowed  to  choose  his  own  exact  fixation  point,  and  with  a  very 
few  preliminary  trials  was  able  to  find  a  point  which  for  him  was  most 
satisfactory.  Subjects  found  this  device  for  directing  the  fixation 
more  advantageous  than  that  used  in  the  previous  experiment  and,  so 
long  as  these  lines  were  quit-e  faint,  they  did  not  experience  any  ad- 
ditional distraction  on  account  of  the  lines  moving  with  the  scr^n 
at  the  time  of  exposure. 

The  same  subjects  were  employed  as  in  the  previous  experiment, 
all  but  one  being,  as  stated  above,  psychological  observers  of  consid- 
erable maturity.  In  addition  to  these  subjects  the  writer,  H*,  read 
a  selection  prepared  by  another  person.  The  results  of  hJa  experiment 
appear  in  the  table,  but  they  are  not  directly  comparable  with  the  others 
since  the  material  read  was  not  the  same.  The  largest  number  of  rates 
of  exposure  was  used  with  subjects  A.  and  M.  as  will  appear  in  the 
table.  The  highest  exposure  time  was  .044  second,  the  lowest  was 
.006  second,  the  other  rates  being  distributed  between  these  two  ex- 
tremes. The  various  arrangements  of  the  material  were  alternated 
as  in  previoiis  tests,  but  the  selections  were  presented  in  the  order 
tabulated  below,  beginning  with  the  highest  exposure  time  and  then 
reducing  the  time,  step  by  step,  mitil  the  lowest  time  of  exposure  waa 
reached.  All  subjects  whose  records  show  the  employment  of  any 
given  rate,  say  .  044  second » read  the  same  material  at  this  rate.  Thus 
the  results  for  all  subjects  except  H.^  whose  irregularity  was  explained 
above,  are  entirely  comparable  in  every  r^pect.  For  convenience  in 
comparison  J  the  various  paragraphs  are  numbered  1,  2,  3,  etc*  Moat 
of  the  tables  which  follow  in  this  study  have  been  compiled  from  the 
records  of  these  experiments. 

Table  XVI  is  the  first  of  the  aeries.  It  sets  forth  in  nullimeters 
tFe  average  amounts  read  correctly  per  exposure  for  the  different  sub- 
jects, and  for  the  different  rates  in  all  arrangements  of  the  material. 
"^  .e  values  of  these  figures  can  be  transmuted  into  terms  of  letters  by 
L  viding  the  number  of  millimeters  by  3.5  or  into  words  by  dividing 
the  number  of  millimeters  by  14,  the  average  width  of  letters  l>eing 
tbout  three  and  one-half  millimeters,  and  the  average  size  of  words 
bout  four  letters. 
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Tabu  XVI 
The  amounts  reed  correctly  per  exposure  in  miUinieters.' 


Sntrject. 

Sel. 

Rmte. 

PAngrmplui. 

Phrues. 

Wofds. 

M. 

M.V. 

M. 

M.V. 

M. 

M.V. 

A. 

I. 

.044 

32.3 

6.8 

31.0 

9-4 

25.6 

6.5 

2. 

.016 

23.6 

7.0 

245 

6.6 

20.3 

5.6 

3. 

.013 

24.6 

6.4 

25.1 

5.8 

22.5 

6.1 

4. 

.010 

28.0 

6.0 

26.0 

7-4 

19.8 

5.8 

5- 

.007 

19.8 

6.3 

18.4 

5.2 

15.9 

4-4 

6. 

.006 

16.0 

5.8 

15.6 

5.4 

14.2 

4.8 

M. 

I. 

.044 

29.9 

10.9 

28.3 

9.8 

21.5 

7.4 

2. 

.016 

20.7 

8.2 

18. 1 

7.3 

15  9 

5.8 

3. 

.013 

22.9 

7.1 

19.0 

6.2 

16.6 

5-7 

4- 

.010 

22.3 

7.0 

20.1 

7-3 

19.8 

6.9 

5. 

.007 

22.2 

8.2 

16. 1 

5.8 

14.4 

4.9 

W. 

I. 

.044 

34-3 

10.5 

30.4 

8.7 

20.4 

91 

3. 

.013 

31.6 

7.2 

30.2 

9.0 

22.1 

7.2 

5- 

.007 

314 

9.0 

25.2 

8.4 

19.2 

7.0 

B. 

I. 

.044 

25.2 

6.7 

25.2 

7.5 

24.8 

5.9 

2. 

.016 

21.0 

6.4 

20.7 

5-4 

20.3 

5.2 

C. 

2. 

.016 

29.4 

8.5 

26.5 

71 

21.7 

51 

H. 

7. 

.010 

19.2 

5-5 

17-3 

51 

16.4 

4  9 

In  obtaining  the  results  in  this  table  all  unsuccessful  trials  were  dis- 
carded. By  an  unsuccessful  trial  is  meant  an  exposure  in  which  no 
single  word  was  read  correctly,  though  certain  characteristics  of  the 
words  may  have  been  observed  and  described  correctly.  This  plan 
was  adopted  as  the  most  conservative,  though  it  doubtless  gives  a  con- 
siderable advantage  to  the  miscellaneous  phrase  and  the  miscellaneous 
word  arrangements,  since  in  these  latter  arrangements  are  found  by 
far  the  greatest  number  of  unsuccessful  trials,  the  most  of  all  app>earing 
in  the  miscellaneous  words.  But  each  unsuccessful  trial  doubtless 
made  possible  a  larger  perception  in  the  succeeding  attempt  and  a  con- 
sequent lessening  of  the  total  number  of  successful  trials  needed  for 
the  reading  of  a  given  group  of  words.  Notwithstanding  this  handicap 
which  we  place  upon  the  results  of  our  method  of  calculation^  the  power- 

*  Explanation  of  abbreviations  and  terms:  Subj.  —  Subject.  Sel.  -■  Se- 
lection of  reading  matter.  Rate  =  Time  of  exposm-e  in  seconds.  M.  —  Average 
amount  in  millimeters  read  per  exposure.  M  V.  =  The  mean  variation  from  the 
average  of  amounts  read  per  exposure. 
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ful  influence  of  context  is  in  evidence  at  almost  every  point;  there  being 
only  three  slight  exceptions  in  favor  of  the  phrase  arrangement 
over  that  of  the  paragraph  in  the  records  of  subjects  A.  and  B.  Had 
the  unsuccessful  exposures  been  included  in  the  calculations,  the  figures 
would  of  course  show  a  still  greater  amoimt  of  the  influence  of  context 
upon  the  amount  read  per  exposure. 

A  more  direct  measure  of  the  influence  of  context  may  be  obtained 
by  comparing  the  results  of  Table  XVI  in  terms  of  per  cents,  using 
the  amoimt  read  per  exposure  in  the  paragraph  arrangement  in  each 
case  as  a  standard,  or  one  himdred  per  cent,  with  which  to  compare 
the  amoimts  read  per  exposure  in  the  same  material  arranged  in  the 
other  two  forms.    Table  XVII  pves  such  a  comparison. 

TablbXVII 

Comparison  in  per  cents  of  the  amounts  read  correctly  per  exposure  in  the 
different  arrangements  of  the  same  material,  using  the  amounts  read  per  exposure 
in  the  paragraph  arrangement  as  a  standard  or  loo  per  cent 


Subject. 

SeL 

PAimgnph. 

rhraset. 

Worda. 

A. 

I. 

2. 

3- 
4- 
5- 
6. 

lOO.O 
<« 

ff 

(1 

<f 

c« 

95-9 
103.8 
102.0 
92.8 
93.8 
97-5 

78.6 
86.0 
92.6 
70.7 
81. 1 
88.7 

M. 

I. 

2. 

3- 
4. 
5- 

lOO.O 

tt 

tt 
tt 
tt 

94.6 

87.4 
82.9 
90.1 
72.5 

71.9 
76.8 

72.5 
88.7 

64.4 

W. 

I. 
3- 
5. 

lOO.O 
tt 

tt 

88.6 

95.5 
80.2 

59-4 
69.9 

61. 1 

• 

B. 

I. 

2. 

lOO.O 
tt 

100. 0 
98.5 

98.0 
97.6 

C. 

2. 

lOO.O 

90.1 

73.8 

H. 

7- 

lOO.O 

90.1 

85.4 

Mean 

lOO.O 

92.0 

79.0 

This  table  shows  that  in  the  phrase  arrangement  subjects  read  on 
an  average  92  per  cent  as  much  per  exposure  as  in  the  paragraph  ar- 
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•  rangement,  while  in  the  miscellaneous  word  arrangement  they  read 
only  79  per  cent  as  much.\  The  influence  of  context  is  least  marked 
in  the  case  of  B.  and  the  most  in  the  case  of  W.  The  variations  due 
to  the  difference  in  the  selections  are  quite  large  in  the  case  of  A.,  M. 
and  W.  but  very  little  variation  in  the  amounts  read  resulted  from  the 
variation  of  the  length  of  exposure. 

Another  point  of  view,  from  which  this  table  should  be  considered, 
is  that  it  describes  a  definite  portion  of  the  total  reading  field.  As 
previously  mentioned,  the  figures  represent  the  total  amounts  read 
correctly.  But  within  this  area  are  included  two  distinctions,  i.  e., 
what  was  read  distinctly  and  what  was  read  indistinctly.  The  portion 
read  indistinctly  is  given  in  Table  XVIII  and  includes  all  distinctions 
which  subjects  classified  as  "doubtful,"  in  whatever  degree,  ranging 
from  mere  guessing  to  mere  lack  of  certainty.  In  this  table  are  given 
imder  the  heading  "%/'  the  per  cents  of  all  the  exposmres  in  which 
such  doubtful  distinctions  appear.  Otherwise  the  figures  are  arranged 
in  the  same  order  as  those  of  Table  XVI. 

Tablb  XVIII 
The  per  cent  of  the  total  number  of  exposures  in  which  words  were  read  as 
"doubtful"  and  the  average  length  in  millimeters  of  such  doubtful  portions. 


Pangrapb. 

Phraies. 

Words. 

Sutrject. 

8cl. 

Rate. 

it 

M. 

M.V. 

ft 

M. 

M.V. 

i 

M. 

M.V. 

A. 

I. 

.044 

7- 

157 

8.2 

25- 

21.0 

7-3 

15. 

15  0 

5  9 

2. 

.016 

12. 

16.5 

8.1 

12. 

16.6 

4  9 

13- 

14.0 

2.7 

3- 

.013 

21 

14.3 

6.1 

18. 

13    2 

3.8 

16. 

14.6 

3.0 

4- 

.010 

10. 

130 

2.0 

28. 

17  4 

4  7 

II. 

10.9 

2.3 

5- 

.007 

II. 

14.5 

4-5 

8. 

13.8 

3-4 

6. 

12.8 

5.1 

M. 

I. 

.044 

3- 

18.0 

8.0 

5. 

8-3 

30 

3. 

76 

2.6 

2. 

.016 

2. 

10. 0 

50 

3- 

9.0 

4.0 

4. 

10.5 

6.1 

3- 

.013 

6. 

10. 0 

2.5 

3- 

8.0 

3.3 

I. 

7.0 

0.0 

.4. 

.010 

8. 

12.2 

71 

6. 

10.4 

2.8 

0. 

0.0 

0.0 

5. 

.007 

6. 

12.4 

3.2 

3 

6.0 

2.0 

2. 

6.0 

2.0 

W. 

I. 

.044 

0. 

0.0 

0.0 

6. 

233 

5.6 

2. 

10.0 

30 

3- 

.016 

6. 

19.0 

12.0 

4- 

10. 0 

0.0 

4- 

9.6 

3-3 

5- 

.007 

12. 

14.6 

5.0 

7- 

10.3 

3-2 

8. 

12.0 

6.0 

B. 

I. 

.044 

10. 

no 

8.9 

9. 

II. 7 

6.0 

II. 

16.8 

4.7 

2. 

.016 

10. 

12.0 

41 

12. 

8.7 

4-3 

II. 

lO.O 

40 

C. 

2. 

.016 

40. 

II. 4 

4.8 

24- 

10. 0 

4-4 

13. 

12.7 

4.7 

H. 

7- 

.010 

4- 

7.6 

3  3 

3. 

13  0 

6.0 

5- 

13.4 

4.0 
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Thia  table  shows  to  what  extent  suceassful  guessing  entered  into  the 
results.  There  does  not  appear  to  be  any  general  tendency  to  guess  in 
any  one  form  of  material  more  than  anotheri  though  in  the  case  of  sub- 
ject C.  we  have  an  apparent  exception*  In  this  case  there  is  a  regular 
curve  of  frequency  corresponding  to  the  amount  of  context,  the  number 
of  successful  guesses  diminishing  with  the  context*  Nor  is  there  any 
marked  tendency  to  decrease  either  the  size  or  the  number  of  guesses 
as  we  pass  from  the  longer  to  the  shorter  exposures*  Concerning  the 
variations,  no  definite  miiformities  are  to  be  noted,  doubtless  indicating 
that  the  number  of  cases  is  too  small  to  obtain  a  curve  that  would  be 
entirely  characteristic  for  any  one  individual. 

Besides  these  distinctions  which  subjects  were  able  to  make  within 
the  portion  of  the  field  read  correctly,  there  were  a  number  of  other 
more  or  less  clear  cut  distinctions  in  the  margin  of  the  visual  field  be- 
yond the  limits  of  correct  reading.  In  the  present  experiment  where 
the  method  of  successive  exposure  was  used^  these  marginal  distinc- 
tions occurred  almost  entirely  within  the  right-hand  portion  of  the  field- 
The  following  five  distinctions^  or  partial  readings ^  were  frequently 
noted:  (1)  Partial  substitutions.  By  a  partial  substitution  is  meant 
any  reading  in  which  one  or  more  letters  were  found  in  conmion  be- 
tween the  word  actually  present  and  the  one  which  was  substituted  for 
it*  (2)  Total  substitutions.  By  a  total  substitution  is  meant  a  case 
where  there  was  no  letter  in  common,  the  only  point  of  identity  being 
the  general  appearance  of  the  word  present  and  the  one  substituted 
for  it,  (3)  Correct  forms  of  words.  In  this  case  the  subject  could  not 
make  a  judgment  as  to  what  the  word  was,  but  was  able  to  describe 
its  general  appearance,  perhaps  giving  the  number  of  letters  and  a 
general  description  of  the  letters,  such  as  their  shape,  size,  and  position 
within  the  word.  (4)  Incorrect  form.  Here  the  subject  saw  clearly 
the  word  impression  as  a  whole  but  failed  to  describe  correctly  the 
form  or  size  of  the  word,  the  number  of  letters,  etc.  (5)  No  form*  In 
many  cases  subjects  were  certain  of  the  presence  of  one  or  more  words 
in  the  margin,  of  whose  form  they  could  report  nothing  whatever. 
In  such  cases  they  were  absolutely  certain  of  the  numerical  aspect  of 
the  words  present  in  the  margin,  though  they  could  give  no  other  quan- 
titative characteristic,  and  nothing  whatever  of  the  specific  qualitative 
character. 

In  some  of  these  mar^nal  distinctions  there  was  evidently  an  ele- 
ment of  illusion  in  the  judgment,  as  for  example,  in  the  substitutions 
and  the  incorrect  form,  but  in  all  cases  there  was  aa  a  rule  very  little 
lack  of  certainty* 

The  number  of  these  marginal  distinctions  appearing  simultaneously 
differs  widely  with  different  individuals  and  with  different  conditions. 
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Table  XIX  shows  the  relative  frequency  of  the  marginal  distinctions 
reported  by  the  various  subjects. 

TablbXIX 
The  relative  frequency  of  marginal  distinctions  reported  by  six  subjects. 


SubjecU. 

A. 

M. 

w. 

B. 

C. 

H. 

Mema. 

No  margin. 

2. 

6. 

9- 

I. 

7. 

II. 

6. 

One  margin. 

4- 

lO. 

II. 

3. 

5. 

lO. 

7- 

Two  margins 

I. 

I. 

I. 

I. 

I. 

I. 

I. 

The  table  as  it  stands  is  not  entirely  complete,  for  in  a  few  instances 
subjects  were  able  to  detect  three,  sometimes  even  four,  marginal 
distinctions  simultaneously  present.  It  is  probable  also  that  the  figures 
opposite  the  distinction  "no  margin"  are  considerably  less  than  they 
should  be,  because  as  the  experiments  became  very  familiar,  subjects 
sometimes  grew  more  or  less  lax  in  reporting  cases  of  this  kind.  A  point 
to  be  remembered  is  that  none  of  the  figures  of  this  table  represent 
the  facts  as  they  really  exist,  but  only  as  the  observer  was  able  by  care- 
ful observation  to  make  them  out.  It  is  highly  probable,  therefore, 
that  all  the  vaguer  forms  of  marginal  impression  were  present  at  each 
exposure,  though  their  conscious  discrimination,  as  the  table  shows, 
was  comparatively  infrequent. 

It  need  hardly  be  remarked,  furthermore,  that  these  marginal  dis- 
tinctions are  to  be  regarded  as  typical  stages  in  the  development  of 
the  perception  of  a  word,  cross  sections,  so  to  speak,  taken  at  different 
levels  in  the  development  of  the  total  perceptual  process.  This  phase 
of  the  results  will  be  considered  further  at  a  later  point  in  our  study 
of  the  marginal  field  and  for  the  present  we  shall  turn  to  a  consideration 
of  the  data  of  the  five  marginal  distinctions  defined  above. 

In  Table  XX  we  present  the  data  for  the  partial  substitutions. 
Opposite  each  subject's  name  is  found  the  frequency  of  such  distinc- 
tions in  per  cents,  their  average  size  in  millimeters,  and  the  mean 
variations. 

These  per  cents  show  a  decided  increase  of  frequency  of  the  substi- 
tutions as  we  pass  from  the  more  perfect  to  the  less  perfect  contexts. 
The  frequency  increases  also  with  the  decrease  of  the  time  of  exposure, 
particularly  in  the  more  contextual  arrangements.  With  reference  to 
to  the  size  of  these  misreadings,  we  find  little  uniformity  in  the  varia- 
tions though  there  is  a  slight  tendency  to  decrease  with  a  decrease  of 
the  exposure  time.  The  variations  in  the  size  of  the  substitutions  are 
themselves  somewhat  variable,  showing  that,  in  certain  instances  at 
least,  the  nimiber  of  cases  should  be  increased  to  produce  a  true  ex- 
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pression  of  these  relations.  The  question  of  partial  substitutions 
will  come  up  for  further  consideration  when  we  take  up  a  study  of  the 
detailed  processes  of  word  recognition. 

TablsXX 

Frequency  and  size  of  partial  substitutions,  ».e.,  of  words,  a  part  of  whose  letters 
and  attributes  were  seen  correctly. 


PArmgnphs. 

Pbraaes. 

Words. 

Subj. 

8el. 

Rate. 

it 

M. 

M.V. 

M. 

M.V. 

J« 

M. 

M.V. 

A. 

I. 

.044 

3. 

30.5 

5-5 

3. 

295 

13.5 

15. 

19.7 

10.3 

2. 

.016 

16. 

18.9 

4.2 

9- 

18.0 

8.4 

22. 

14.9 

50 

3- 

.013 

19. 

18.8 

4.0 

12. 

14.2 

31 

24. 

145 

3.6 

4- 

.010 

7. 

12.5 

.5 

21. 

14.6 

42 

31- 

152 

50 

5- 

.007 

10. 

16.4 

2.1 

17- 

13.8 

3.4 

18. 

18.0 

7.0 

M. 

I. 

.044 

16. 

15.8 

7.7 

23- 

16.2 

4.8 

47- 

21.3 

6.6 

2. 

.016 

20. 

12.2 

4.0 

27. 

174 

6.4 

33. 

15-9 

6.9 

3- 

.013 

17- 

14.9 

4.1 

45- 

14.6 

2.9 

43. 

13.7 

4.9 

4- 

.010 

25- 

16.6 

5.3 

37. 

12.9 

4.9 

33. 

14.0 

5.6 

5. 

.007 

28. 

16.6 

6.0 

46. 

12.7 

4.3 

39. 

145 

5.5 

W. 

I. 

.044 

18. 

15.0 

6.4 

34. 

i8.o 

4.8 

48. 

18.9 

7-7 

3- 

.013 

34- 

II. 4 

2.2 

43. 

16.7 

6.9 

49- 

19.8 

II. 0 

5. 

.007 

26. 

135 

5.8 

41- 

14.2 

5.2 

43. 

16.0 

6.7 

B. 

I. 

.044 

22. 

157 

6.0 

30. 

14.5 

6.7 

32. 

14.0 

5.8 

2. 

.016 

33. 

12. 1 

4.0 

29. 

17.7 

7.0 

34- 

13  9 

3.8 

C. 

2. 

.016 

17- 

14. 1 

5.1 

20. 

12.0 

2.3 

27- 

16.5 

6.5 

H. 

7- 

.010 

20. 

10.7 

3.2 

26. 

13.1 

3.6 

38. 

12.4 

2.6 

rwii 

,.   .^ 

•         1 

>7' 

•     1 

3^-  . 
1 «     > 

1  •  « 

•      1 

The  next  distinction  in  degree  of  marginality  is  that  which  is  de- 
fined above  under  the  head  of  ''total  substitutions. "  I  shall  not  take 
the  space  to  tabulate  the  data  for  this  distinction,  as  the  number  of 
cases  is  too  small  to  show  any  characteristic  changes  with  variations 
in  the  conditions  of  the  experiment.  The  number  of  cases,  however, 
is  ample  to  prove  the  genuineness  of  the  phenomenon  and  to  show  that 
it  occurs  in  the  reading  of  all  subjects  and  in  all  forms  of  the  material 
used.  As  previously  pointed  out  these  cases  were  peculiar  in  the  fact 
that  they  are  more  Ulusory  in  character  than  any  of  the  other  marginal 
distinctions.  There  is  a  sense,  however,  in  which  the  term  "total 
substitution"  is  not  a  fitting  designation  for  this  class  of  phenomena 
for  in  almost  every  case  there  is  traceable  some  more  or  less  close  re- 
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semblance  in  the  general  appearance  between  the  word  reported  and  the 
one  for  which  it  was  mistaken,  though  this  resemblance  did  not  con- 
sist in  such  cases  of  any  literal  identity.  In  these  instances  the  gen- 
eral appearance  of  the  words  proved  to  be  the  principal  perceptual 
cue  and  was  sufficiently  strong  to  produce  a  feeling  of  certainty  that 
the  reading  was  done  correctly.  It  would  seem  not  imlikely  therefore^ 
that  this  aspect  of  the  words  is  quite  generally  employed  as  the  prin- 
cipal cue  in  the  recognition  of  familiar  words,  more  particularly  when 
they  occur  in  familiar  contexts,  and  that  the  cases  represented  in  this 
class  are  the  occasional  errors  which  would  naturally  occur  when  one 
relies  to  any  large  extent  upon  this  factor. 

TablbXXI 

The  size  in  millimeters  and  the  frequency  in  per  cents  of  the  marginal  distinction 
designated  "correct  form." 


Paragnpbs. 

Phrues. 

Wofds. 

Subj. 

Sel. 

Rate. 

J« 

M. 

M.V. 

i 

M. 

M.V. 

i 

M. 

M.V. 

A. 

I. 

.044 

50. 

17.9 

8.1 

39. 

25.2 

10.9 

22. 

17  3 

6.5 

2. 

.016 

37- 

19.2 

7.8 

42. 

19   I 

6.1 

31- 

17.8 

6.4 

3- 

.013 

42. 

24.7 

7-3 

42- 

23.1 

7-3 

36. 

22.0 

4.8 

4- 

.010 

46. 

16.0 

4.1 

24. 

143 

4-3 

28. 

17  3 

4  5 

5. 

.007 

38. 

17  3 

4-3 

33- 

16.7 

4-9 

40. 

15.6 

5-5 

M. 

I. 

.044 

12. 

20.7 

10. 1 

30. 

15   2 

7-7 

18. 

17  4 

8.8 

2. 

.016 

II. 

18.6 

30 

14- 

15  0 

6.7 

12. 

19.2 

76 

3. 

.013 

3. 

14.2 

2.5 

8. 

17.2 

56 

6. 

22.2 

8.8 

4- 

.010 

14- 

17.9 

3  3 

9 

18.9 

6.4 

6. 

16.4 

4  4 

5- 

.007 

6. 

15  2 

6.8 

10. 

15  9 

56 

9 

II. 0 

2.3 

W. 

I. 

.044 

10. 

16.8 

6.1 

10. 

13.8 

12.0 

4 

20.5 

7.0 

3- 

.013 

18. 

16.5 

5.5 

17- 

19.4 

6.6 

8. 

17-9 

3  5 

'' 

.007 

9 

II  5 

1.6 

7. 

16.0 

7-3 

II. 

14  9 

6.5 

B. 

I. 

.044 

52. 

17.8 

8.0 

39 

19.0 

7.5 

31. 

18.5 

7.1 

2. 

.016 

27- 

13  0 

4.0 

41 

15  0 

5.3 

22. 

15  6 

6.2 

C. 

2. 

.016 

2. 

20.0 

0.0 

6. 

lO.O 

0.0 

6. 

13  2 

7.7 

H. 

7- 

.010 

10. 

12.3 

52 

9- 

13    2 

2.2 

10. 

II. 7 

4.0 

?j-^ 

::  '- 

0.  •■ 

The  next  division  of  the  marginal  field  is  what  has  been  designated 
above  as  "  correct  form. "  Under  this  heading,  it  will  be  remembered, 
were  included  all  cases  of  correct  or  approximately  correct  descrip- 
tion of  the  general  appearance  of  words  without  any  judgment  as  to- 
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their  literal  constituents.  For  example,  if  a  subject  described  the 
general  size  and  shape  of  a  word,  or  the  number  of  letters  with  their 
size  and  position  within  the  word,  the  observation  was  scored  under 
this  head.  In  such  cases  subjects  were  urged  to  guess,  but  while  they 
were  quite  certain  as  to  the  general  form  of  the  word,  they  were  un- 
able to  guess  with  any  degree  of  certainty  as  to  what  the  word  was. 
Table  XXI  gives  the  frequency  in  per  cents  of  this  distinction,  the 
average  size  in  millimeters,  and  the  variations. 

Perhaps  the  most  striking  thing  about  this  table  is  the  comparatively 
great  frequency  with  which  this  marginal  distinction  appears  as  is 
shown  by  the  percentage  columns.  This  is  important  as  evidence  of 
the  value  of  the  total  word  form  as  a  cue  to  word  recognition  and  so  far 
verifies  the  observations  made  above.  With  most  subjects  the  fre- 
quency tends  slightly  to  decrease  both  with  the  decrease  of  context 
and  with  a  decrease  in  the  time  of  exposure.  The  same  observation 
holds  also  for  the  absolute  amounts  read  per  exposure  and  for  the  vari- 

TablbXXII 

The  size  in  millimeters  and  the  frequency  in  per  cents  of  the  marginal  distinc- 
tion designated  "incorrect  form." 


Paragnphs. 

Phraaes. 

Worda. 

Sub). 

Sel. 

Rate. 

It 

M. 

M.V. 

i 

M. 

M.V. 

J« 

M. 

M.V. 

A. 

I. 

.044 

21. 

235 

6.2 

17- 

26.0 

6.1 

20. 

27.9 

7.5 

2. 

.016 

19. 

21.8 

7.4 

22. 

233 

7.6 

16. 

22.0 

7.4 

3- 

.013 

7. 

195 

7-5 

9- 

19.2 

9.6 

II. 

235 

9.2 

4- 

.010 

10. 

17.4 

5.8 

7- 

13.3 

4-2 

5. 

20.0 

3.5 

5- 

.007 

4- 

8.0 

1.3 

4. 

16.5 

7.5 

4- 

II. 6 

2.8 

M. 

I. 

.044 

10. 

23  4 

8.3 

13- 

17.3 

7.0 

9- 

24.0 

5.0 

2. 

.016 

0. 

0.0 

0.0 

9- 

II. 9 

3.3 

3. 

8.8 

4.0 

3- 

.013 

0. 

0.0 

0.0 

I. 

7.0 

0.0 

I. 

12.0 

0.0 

4- 

.010 

I. 

lO.O 

0.0 

0. 

0.0 

0.0 

I. 

17.0 

0.0 

5- 

.007 

I. 

12.0 

0.0 

I. 

9.0 

I.O 

3- 

lO.O 

0.0 

W. 

I. 

.044 

3- 

13.0 

9.0 

2. 

25.0 

0.0 

3. 

26.6 

6.0 

.3- 

.013 

6. 

145 

2.5 

2. 

38.0 

0.0 

4. 

23.3 

15.0 

5. 

.007 

I. 

15.0 

0.0 

5- 

17.0 

4.6 

3- 

28.0 

8.6 

B. 

I. 

.044 

13. 

233 

5.2 

16. 

19.8 

7-9 

5. 

17-5 

9.0 

2. 

.016 

4. 

II. 0 

7-3 

I- 

150 

0.0 

5. 

155 

•5 

C. 

2. 

.016 

2. 

15.0 

0.0 

2. 

12.0 

0.0 

I. 

22.0 

0.0 

H. 

7- 

.010 

7- 

10.7 

2.2 

I. 

lO.O 

0.0 

2. 

7.0 

3-3 

S! 
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ations.  Table  XXII  sets  forth  the  results  for  the  margiaal  distino- 
tion  designated  as  ''incorrect  form. " 

The  frequency  of  this  distinction  is  relatively  small  and  grows  leas, 
in  fact  almost  vanishes,  with  practise.  This  fact  fmther  reinforoes 
the  observation  that  the  form  of  the  word  is  an  important  factor  in 
the  recognition  process.  The  figures  of  this  table  are  valuable,  there- 
fore, chiefly  as  a  negative  argument  and  represent  the  frequency  with 
which  one  may  expect  such  errors  to  occur.  Owing  to  the  fewness 
of  the  cases  no  very  reliable  changes  in  the  results  are  noticeable  with 
changes  in  the  conditions  of  the  experiment,  barring  the  one  exception 
already  mentioned. 

The  last  marginal  distinction  to  be  described  is  the  one  which  I 
have  designated  as  ''no  form."  The  results  of  this  study  are  set 
forth  m  Table  XXIU. 


Tablb  XXIII 

The  frequency  in  per  cents  with  which  the  presence  of  words  was  noted  without 
any  discrimination  of  their  specific  qualitative  or  quantitative  characteristica. 
The  average  size  and  variability  of  such  distinctions. 


Paragnphs. 

Phrases. 

Words. 

Subj. 

8el. 

Rmte. 

i 

M. 

M.V. 

It 

M. 

M.V. 

* 

M. 

M.V. 

A. 

I. 

.044 

17- 

24.4 

8.6 

25- 

234 

10.3 

20. 

22.0 

10.8 

2. 

.016 

23- 

26.9 

147 

22. 

17.2 

7-6 

33. 

21.7 

9  4 

3. 

.013 

23- 

16.4 

4-3 

31- 

26.0 

8.2 

31- 

20.0 

9.6 

4- 

.010 

14- 

20.5 

5.4 

12. 

32.0 

6.8 

22. 

20.6 

8.0 

5. 

.007 

I. 

II. 0 

0.0 

9. 

II. 7 

5-4 

6. 

II. I 

4.x 

M. 

'• 

.044 

17. 

12.6 

6.0 

10. 

12.2 

9.8 

7. 

23.2 

14  4 

2. 

.016 

19- 

II. 6 

7.9 

16. 

II. 7 

5.4 

10. 

12.4 

72 

3. 

.013 

20. 

9.0 

3.6 

II. 

11.4 

4-7 

16. 

10.2 

51 

4- 

.010 

22. 

12.4 

7.2 

9. 

12.4 

4  4 

20. 

II. 2 

30 

5. 

.007 

I. 

10. 0 

0.0 

10. 

9-4 

2.6 

12. 

91 

4.7 

W. 

I. 

.044 

5. 

323 

II. 0 

2. 

4.0 

0.0 

I. 

12.0 

0.0 

3- 

.013 

15. 

14.2 

5.6 

0. 

0.0 

0.0 

10. 

14.8 

2.2 

5- 

.007 

4- 

12.5 

2.5 

0. 

0.0 

0.0 

3. 

18.3 

i.o 

B. 

I 

.044 

19- 

14.4 

4-9 

18. 

17.5 

6.2 

20. 

16.3 

8.7 

2. 

.016 

24. 

10. 0 

4.8 

18. 

8.0 

4.1 

25- 

II. 9 

4-5 

C. 

2. 

.016 

II. 

10.4 

5.6 

6. 

25.0 

7.0 

9. 

23.5 

91 

H. 

7. 

.010 

14. 

II. I 

4.7 

7. 

13.1 

4.8 

4- 

10.8 

2.0 

\'- 
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As  already  pointed  out,  the  frequency  of  this  marginal  distinction 
s  perhaps  not  as  fully  represented  as  it  should  be,  but  it  is  neverthe- 
less sufficiently  full  to  indicate  the  genuineness  of  the  fact.  Although 
the  impressions  are  the  least  clear  and  definite  of  all  the  marginal  dis- 
tinctions, and  hence  the  least  faithfully  representative  of  the  words, 
yet  subjects  judged  with  no  greater  difficulty  nor  with  less  certainty. 
From  these  facts  the  presumption  is  very  strong  that  this  aspect  of 
words  is  the  first  to  strike  the  attention  of  practised  readers,  partic- 
ularly in  dealing  with  familiar  material. 

The  table  shows  no  very  significant  changes  in  the  frequency  and  size 
of  the  groups  perceived  with  changes  in  the  conditions  of  the  experiment. 

We  will  now  pass  to  a  study  of  the  relation  of  the  separate  processes 
of  word  perception  simultaneously  present  within  the  reading  field. 
Table  XXTV  shows  to  what  extent  the  size  of  the  area  of  correct  read- 
ing varies  with  a  variation  in  the  number  of  marginal  distinctions.  The 
table  was  derived  by  choosing  at  random  about  half  of  the  total  number 
of  experiments  and  tabulating  them  imder  the  following  headings: 
(1)  No  marginal  distinctions,  (2)  one  marginal  distinction,  (3)  two 
mar^al  distinctions,  etc.,  without  regard  to  the  nature  of  those  dis- 
tinctions. The  table  contains  the  average  size  of  the  area  of  correct 
reading  for  each  individual  imder  each  of  the  above  conditions. 

TABI.B  XXIV 

Variations  in  the  area  of  correct  reading  concomitant  with  variations  in  the 
number  of  marginal  distinctions  simultaneously  present.  Figures  represent 
millimeters. 


No  marginal 
distinction. 

One  marginal 
distinctfon. 

Two  marginal 
diatinctiona. 

Subject. 

M. 

M.V. 

M. 

M.V. 

M. 

M.V. 

A, 

28.5                      7.0 

25.9                     5.8 

19.0             6.6 

M. 

22.9                      8.0 

16. I                      7.3 

17. I             8.7 

W. 

31.8                  8.8 

22.9                  6.8 

21.8           10.2 

B. 

24.5                  8-6 

19.0                  5.6 

17.6             5.4 

C. 

26.0                  8.1 

18.6                  6.3 

14.4            4-2 

H. 

18.5                  5-7 

13.1                   4.6 

13.0            6.6 

The  table  shows  almost  uniformly  that  the  size  of  the  area  of  correct 
reading  varies  inversely  as  the  number  of  mar^nal  distinctions.  It 
seems  obvious,  therefore,  that  the  "forward  glance"  during  a  given 
exposure  has  the  effect  of  lessening  the  amount  which  can  be  read 
correctly  during  that  exposure. 

Applying  this  result  to  the  process  of  ordinary  reading  and  «iM«iniing 
what  seems  to  be  highly  probable,  viz.,  that  within  the  normal  reading 
pause  we  have  the  same  divided  state  of  attention  as  in  the  single 
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exposure,  the  presence  of  distinct  marginal  imiveasions  midoabtedly 
has  a  narrowing  effect  upon  the  focal  aiea.  In  order  to  account  for 
the  selection  of  this  method  of  perception  in  normal  reading  we  must 
suppose  that  this  narrowing  effect  is  nK>re  than  compensated  for  by  the 
increased  quickness  of  perception  of  the  impressions  within  that  area, 
and  hence  the  more  rapid  succession  of  reading  pauses,  made  poseible 
by  the  preparatory  and  orienting  effect  of  the  ri^t-hand  marginal 
impresmons  of  one  reading  pause  upon  the  focal  imivessions  of  the 
pause  immediately  following. 

Experiment  7.     Tachietoscapie  Reading  by  Suecesswe  Expaswres  by 

Naive  Subjects. 

A  possible  argument  agunst  the  above  generalizations  may  be  made 
on  the  ground  that  the  subjects  in  the  previous  experiment  were  much 
accustomed  to  introspection  and  may  have  thus  created  artificial  dis- 
tinctions, such  as  would  not  appear  to  the  inexperienced  observer.  In 
order  to  test  this  point,  experiments  were  made  with  a  number  of 
naive  subjects  under  the  same  conditions.  The  subjects  were  advanced 
students  in  the  university  and  in  general  intelligence  would  compare 

TablrXXV 
AmoitntB  read  correctly  per  exposure  by  naive  subjects,  and  the  frequency 
in  per  cents  of  the  appearance  of  marginal  distinctions.    Figures  represent  milli- 
meters.    Time  of  exposure,  .044  second. 


Amonnt  read  per 
ezpoMire. 

Preqaency  of  one 
nuir^iii. 

FreqnencT  of  two 
maiiiiiis. 

Sntject. 

M. 

M.V. 

* 

* 

W. 

20.5                     71 

56. 

3- 

B. 

19.4                     6.5 

44. 

0. 

L. 

23.1                    8.1 

62. 

2. 

H. 

36.0                  9  3 

32. 

0. 

McD. 

31.9                  8.0 

52. 

3- 

Y. 

29.2                 II. I 

47- 

9- 

J. 

25.5                  8-3 

16. 

2. 

B. 

19.0                  6.7 

56. 

0. 

Jo. 

14  3                  4.7 

36. 

I. 
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favorably  with  the  psychologists  in  the  experiments  already  recorded- 
Each  subject  read  at  one  sitting  a  paragraph  of  one  hundred  words 
by  the  method  of  successive  exposures*  They  were  instructed  to  com- 
plete the  reading  in  the  fewest  possible  exposures  and  after  each  ex- 
posure to  describe  ail  they  saw^  stating  the  degree  of  certainty  in  every 
case.  Aside  from  these  general  instructions  the  operator  was  par- 
ticularly careful  to  avoid  gi^^ng  any  liint  as  to  the  different  distinc- 
tions which  might  be  seen-  Table  XXV  presents  for  nine  individuals 
the  average  amoimt  in  millimeters  read  correctly  per  exposure^  also 
the  number  of  times  in  per  cents  when  marginal  distinctions  were  re- 
ported. 

These  figures  show  that  naive  subjects  reported  marginal  distinctions 
on  an  average  about  fifty  per  cent  of  the  time.  The  number  of  dis- 
tinctions simultaneously  present  and  their  distribution  over  the  vari- 
ous gradations  are  approximately  the  same  as  in  the  experiment  with 
the  trained  psychologists  (see  Table  XIX).  Apart  from  the  question 
of  marginal  distinctions  this  table  has  some  interest  from  the  stand- 
point of  individual  differences.  Although  more  individuals  would  be 
needed  for  a  thorough  study  of  this  question,  from  the  results  we  should 
expect  to  find  marked  differences  in  the  average  amounta  read  per  ex- 
posure as  well  as  in  the  relative  sizes  of  the  variations. 

II,    THE  DEVELOPMENT  OF  WORD  PERCEPTION 

!•  Synih^ic  Phase 

It  has  already  been  pointed  out  that  each  of  the  marginal  phenomena 
above  described  represents  a  t3rpical  stage  in  the  development  of  the 
perception  of  a  single  word.  This  view  was  corroborated  by  the  re- 
sults of  the  unsuccessful  exposures  (cases  of  incomplete  recognition 
excluded  from  my  tables)  in  which  only  certain  general  aspects  of 
words  were  noted.  As  the  cases  were  comparatively  few  and  the  re- 
sults not  new  or  different  from  the  marginal  distinctions  already  de- 
scribed, I  have  not  taken  the  space  for  tabulating  the  data*  Further 
corroborative  evidence  of  this  view  was  also  found  in  the  introspective 
reports*  Under  the  most  favorable  circumstances  subjects  were  able 
to  describe  one  or  other  of  these  stages  in  the  development  of  the  per- 
ceptual process,  the  best  conditions  obtaining  when  the  intensity  of 
the  stimulus  approximated  most  nearly  to  the  threshold  for  word  rec- 
ognition. 

It  is  not  to  be  inferred,  however,  that  the  perceptual  distinctions 
described  in  the  above  tables  represent  all  the  possible  stages  m  the 
process  of  word  recognition-  On  the  contrary,  these  distinctions  are 
adequate  only  in  the  recognition  of  famiUar  words,  while  in  dealing 
with  strange  or  difficult  words  or  in  the  case  of  some  unfavorable  con- 
dition a  further  development  of  the  perceptual  process  is  necessary 
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before  the  final  stage  of  word  recognition  is  reached.  This  further 
development  in  contrast  with  the  earlier  phase  represented  by  the 
tables  is  primarily  analytic  in  character  and  consists  of  a  more  or  less 
detailed  analysis  of  the  words  into  their  literal  components.  A  study  of 
this  analytic  phase  will  be  the  next  problem. 

2.  Analytic  Phase 

The  best  opportunity  to  obtain  objective  data  for  this  study  is  found 
in  those  cases  of  partial  word  perception  which  lie  nearest  the  threshold 
for  word  recognition.  These  have  been  designated  partial  substitu- 
tions, and  in  them  this  phase  of  analysis  is  best  represented.  WMle  it 
is  evident  that  in  many  instances  the  analysis  is  carried  far  beyond  the 
point  required  in  normal  reading  because  of  the  imusual  conditions, 
it  is  not  in  the  least  probable  that  the  laws  which  obtain  in  tachisto- 
scopic  reading  are  qualitatively  different  from  those  which  prevail 
in  ordinary  word  recognition. 

From  this  study  of  partial  substitution  it  is  hoped  to  obtain  exact 
information  concerning  the  extent  to  which  word  recognition  in  these 
instances  depends  upon  recognition  of  the  literal  components  of  the 
word,  also  the  comparative  value  of  different  letters  as  cues  for  such 
recognition,  and  the  variation  of  these  values  with  the  different  posi- 
tions within  the  word. 

The  study  was  carried  out  by  making  for  each  subject  tables  of  fre- 
quency (1)  for  all  the  letters  contained  in  the  words  for  which  substi- 
tutions were  made,  (2)  for  all  the  letters  in  the  substitute  words  which 
appear  also  in  the  words  for  which  they  were  substituted.  From 
these  tables,  then,  the  frequency  of  recognition  for  most  of  the  letters 
of  the  alphabet  was  calculated  in  per  cents.  When  distributed  in  this 
manner,  the  number  of  cases  for  different  letters  varied  considerably, 
and  in  only  a  comparatively  few  instances  was  the  niunber  of  cases 
as  great  as  could  be  desired.  Table  XXVI  presents  the  results  for 
those  individuals  from  whom  the  largest  number  of  cases  was  obtained. 
The  number  of  cases  for  a  given  letter  appears  alongside  the  per  cent 
as  a  check  on  the  latter. 

Several  considerations  must  be  kept  in  mind  in  the  interpretation 
of  this  table.  In  the  first  place,  it  is  certain  that  these  results  are  not 
due  to  the  operation  of  one  factor  merely  but  to  the  cooperation  of  a 
number  of  factors.  For  example,  we  are  not  justified  in  assuming 
that  these  figures  represent  in  any  exact  sense  the  relative  percepti- 
bility of  the  various  letters,  although  this  factor  of  perceptibility  is 
without  doubt  partly  responsible  for  the  disparity  of  the  per  cents. 
So  also  for  various  other  possible  factors,  no  one  of  which  can  be  as- 
sumed a  priori  to  be  wholly  or  even  chiefly  responsible  for  the  result 
in  any  given  instance.    Among  the  most  important  of  these  possible 
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Tablb  XXVI 

The  frequency  in  per  cents  with  which  variotis  letters  are  found  in  common 
between  words  and  their  substitutes,  in  the  cases  of  partial  substitutions. 


Subject  A. 

subject  M. 

Subject  W. 

Subject  B. 

I,etter8. 

Casei. 

a 

Caiei. 

* 

Cases. 

a 

Cases. 

it 

A. 

153-        47. 

236.        45. 

106.        47. 

67.        41- 

B. 

53         30. 

48.        35. 

25-        32. 

10.        50. 

C. 

72.        50. 

72.        54- 

20.        60. 

23-        39- 

D. 

92.        45. 

145.        34- 

71.        38. 

31-        51. 

B. 

229.        51. 

432.        63. 

197.        54- 

III.        51. 

F. 

49-        49- 

105.        54. 

21.        38. 

34.        67. 

H. 

80.        63. 

123.        50. 

48.        54. 

31.        35. 

I. 

113.        57. 

230.        60. 

83.        43. 

69.        45. 

L. 

98.       46. 

121.        55. 

48.        50. 

43-       63. 

N. 

121.        57. 

235.        54- 

82.       49. 

73-        52. 

0. 

161.        65. 

161.        56. 

66.        56. 

59-        52. 

R. 

169.       47. 

237.        60. 

lOI .        46 . 

60.       33- 

S. 

155.       45- 

234-       34- 

123.       47- 

78.       43. 

T. 

128.       55. 

194.       59- 

91-       75- 

62.       69. 

Y. 

47.       49- 

49.       61. 

15.       40. 

27.       66. 

M. 
M.V. 

50.4 
6.0 

51.6 
9-4 

48.6 
7.9 

50.4 
9.0 

factors  which  suggest  themselves  are  the  following:  (1)  Frequency 
of  occurrence  of  the  letter.  It  is  a  notable  fact  that  in  every  case  where 
the  frequency  of  a  letter  is  relatively  great  the  per  cent  of  recognitions 
is  at  least  equal  to  the  average  and  in  some  cases  above  it.  It  is  nat- 
ural to  suppose,  therefore,  that  there  is  some  relation  between  these 
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facts.  (2)  The  relative  perceptibility  of  letters.  It  is  a  well  established 
fact  since  the  work  of  Professor  Cattell^  that  the  different  letters  of 
the  alphabet  vary  widely  in  their  perceptibility.  The  following  is 
the  order  of  perceptibility  found  by  Professor  Cattell,  beginning  with 
the  least  difficult:  wzmdhknxayoglqisctrpbvfuje. 
Table  XXVII  compares  these  results  of  Cattell  with  those  of  four 
of  my  subjects.  The  letters  appear  in  the  column  under  each  subject's 
initial  in  the  order  of  the  size  of  their  per  cent  of  recognitions,  beginning 
at  the  top  of  the  colimm  with  those  having  the  highest  percentages. 
The  braces  connecting  certain  letters  indicate  that  these  letters  had 
the  same  per  cents. 

Tablb  XXVII 


Comparison  of  the  relative  perceptibility  of  letters  with  the  per  cent  of  recog- 
nitions incident  to  the  recognition  of  words. 

ReUtiTC  percepUbility. 

Per  cent  of  recogaitioiia. 

A. 

M. 

w. 

B. 

I. 

d                                     o 

C                    t 

t 

2 

h                                    h 

y              c 

f 

3 

4 

n                                    n' 
a                                    i. 

rl             o 
ij             h 

y 

1 

5 

y                          t 

t                e 

ol 
nj 

6 

o                                   e 

o               1 

7 

1                                    c 

1                n 

el 

8 

i                              y 

n' 

s" 
a^ 

9 

8                                     f . 

f 

b 

lO 

c                                    r 
t                                     a 

c 

r 

i 

XI 

h                i 

s 

12 

r                                     1 

a               y 

a 

13 

b                                    s 

b              f 

c 

14 

si            dJ 
dJ           b 

h 

15 

e                                    b 

r 

This  table  shows  little  or  no  correspondence  between  the  per  cent 
of  letter  recognitions  and  the  relative  perceptibility.  If  therefore  the 
relative  perceptibility  of  letters  is  a  factor  in  determining  the  per  cents 
of  their  recognition  incidental  to  the  process  of  word  recognition,  its 
influence  is  almost  wholly  obscured  by  the  combined  influence  of 
other  factors.     (3)  Accidental  conditions,  such  as  favorable  focus  of 


»  Pha.  Studien,  3,  93^. 
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the  attentioiij  etc.  It  is  highly  probable  that  the  factor  of  chance 
played  at  least  a  small  part  in  producing  my  reeultSj  since  the  exposure 
time  for  word  recognition  could  not  be  reduced  to  a  point  below  that 
within  which  recognition  of  any  of  the  letters  would  still  be  possible. 
As  a  consequence,  many  letter  recognitions  must  have  occurred  in  spite 
of  the  lack  of  prominence  of  the  letters,  and  this  fact  doubtless  con- 
tributed a  certain  share  in  swelling  the  per  cents  unduly  for  certain 
letters  m  the  table.  The  method  of  calculation  also  possibly  contrib- 
uted more  or  l^s  to  this  same  end.  For  example,  it  is  probably  not 
true  that  all  the  letters  which  are  found  in  common  between  the  word 
and  its  substitute  were  actually  perceived.  On  the  contrary,  it  is  quite 
likely  that  at  least  a  certain  small  percentage  of  these  letters  chanced 
to  make  up  a  part  of  the  word  substituted  and  that  they  were  not  ac- 
tually perceived  in  the  original  word.  It  is  evident,  however,  that  both 
these  sources  of  error  would  tend  gradually  to  correct  themselves  as 
the  number  of  the  cases  increased  though  perhaps  never  quite  com* 
pletely,  since  chance  would  always  tend  to  favor  those  letters  which 
occur  most  frequently,  (4)  The  kind  of  print.  It  seems  quite  prob- 
able that  the  relative  perceptibility  of  different  letters  must  vary  more 
or  less  with  the  different  styles  of  type.  One  might  expect  this  to  be 
especially  true  for  certain  letters  if  be  were  to  compare  typewriting 
with  ordinary  print.  Owing  to  mechanical  necesaity,  all  letters  in 
typewriting  are  given  the  same  space  regardless  of  their  width*  This 
arrangement  gives  advantage  for  purposes  of  perception  to  the  narrower 
letters,  such  as  "1"  or  ''^i",  while  the  broader  letters^  such  as  **m"  or 
"w"  are  actually  compressed  laterally  and  their  normal  proportions 
distorted*  (5)  Position  of  the  letters  within  the  word*  It  is  evident 
from  the  results  of  Huey/  Pillsbury,^  and  others  that  the  position  of 
the  letter  within  the  word  modifies  its  chances  of  being  perceived* 
Pillsbiiry,  for  example,  tested  the  comparative  value  of  the  different 
positions  within  the  word  by  means  of  mutilations  and  omissions  of 
letters^  his  conclusions  being  based  on  the  comparative  frequency  with 
which  subjects  overlooked  these  changes.  This  method,  hom^ever, 
has  one  defect  which  the  author  himself  recognizes,  namely,  the  difficulty 
of  keeping  the  subject  in  total  ignorance  of  the  method  and  purpose 
of  the  experiment.  (6)  Association.  It  is  probable  that  certain 
combinations  of  letters  have  an  optical  completeness  and  prominence, 
due  rather  to  the  group  as  such  than  to  the  objective  pronnnence  of 
any  of  the  letters  composing  the  group.  If  this  were  true,  there  would 
be  a  tendency  for  those  letters  frequently  appearing  in  such  grouf^ 
to  acquire  a  sort  of  fictitious  prominence  which  would  to  this  ex- 
tent swell  their  per  cents  beyond  the  true  measure  of  their  relative 

*  "The  Psychology  and  Physiology  of  Rcaditigp"  Am.  /.  Psych,,  lo,  iij  i%* 
'  "The  Reading  of  Words,"  Am.  /.  Psych.,  8. 
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yKittsf^mXttj,  fl)  SpmjJ  intovR  far  pankfdsr  kttcn.  The 
XxfMB^fMtrt^  nsportf  div/v  thjcc  *IiiMe(  evcrj  sibject  had 
fiivonte  lettefs  widdii  fae  mentioDed  more  frcqnenthr  than  < 
A  trpraJ  CMe  is  preKxitcd  in  the  foDovisf  table  vhidi 
for  mhjtn  A.  the  perrentatts  of  special  memioiif  of  ranon  letten 
with  the  perrentaoa  fA  actual  lecognxtioDfi  of  these  same  lenexs, 
as  evideiMvd  by  their  afj^eanuice  in  sobedtuted  words. 

TaslbXXVIII 


The  frtqumej  m  per  cents  of  the  istroopccthne  reports 

of  pnii 

^-A,         A 

cofDpsfto  Willi  UK  trw|iifncy  oi  tiKir  scTiiai  ncogvnjom. 

aiiD|Kx  £^ 

9««bcr4#           j     ioT 

4rf«^b> 

Icttcrv.              1     reported  Icttcn. 

A.                               189.                             9  5 

47. 

B.                               36 

83 

3t> 

C                                39 

23. 

50 

D,                               85 

18.8 

45 

B.                          290 

4  7 

51 

F.                            56 

«3  3 

49 

G.                             43 

30-2 

38 

H.                           147 

8.1 

63 

I.                            141 

II  3 

57 

L.                            82. 

26.8 

46 

M                             39. 

10.2 

59 

N.                           152 

8.5 

57 

0.                           145 

7  5 

65 

P.                             39. 

46.1 

61. 

R-                       137 

10.2 

47. 

S.                            162.                         II.  I 

45. 

T.                           198                           9. 

55- 

u.                    55.                  12.7 

30. 

Y.                             33.                          181 

49- 

This  table  shows  that  the  favorite  letters  were  usually,  though  not 
always,  among  the  more  objectively  prominent  letters.  But  the  un- 
reliability of  the  introspective  reports  as  indices  of  the  values  of  different 
letters  as  cues  for  word  perception  is  indicated  by  the  fact  that  in  only 
one  case  out  of  seven  favorite  letters  is  the  percentage  of  actual  rec- 
ognitions high,  few  of  them  being  up  to  the  average. 

Doubtless  there  are  other  factors  still  which  cooperate  in  producing 
the  results  in  Table  XXVI,  but  I  have  enumerated  a  sufficient  niunber 
perhaps  to  warrant  the  belief  already  stated,  that  these  figures  are  not 
due  to  any  one  but  rather  to  a  number  of  causes. 

In  general  it  may  be  observed  that  in  the  partial  substitutions 
about  fifty  per  cent  of  the  letters  were  recognized.  On  this  basis  it 
would  presumably  require  a  still  greater  percentage  of  letter  recogni- 
tions for  correct  perception  of  these  same  words,  provided  the  condi- 
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tions  remained  the  same.  On  the  other  hand,  m  case  the  conditions 
were  most  favorable  and  the  words  not  strange  or  imfamiliar,  it  is 
reasonably  certain  that  no  such  large  percentage  of  literal  recognitions 
would  be  required. 

The  relative  frequency  of  recognition  of  the  different  letters  of  the 
alphabet  differs  rather  widely  and  the  curve  of  literal  recognition  in 
context  does  not  correspond  to  that  of  the  same  letters  when  taken  in 
isolation.  As  pointed  out  above,  this  lack  of  correspondence  is  ex- 
plainable on  the  ground  of  the  complexity  of  the  conditions  involved 
in  the  recognition  of  letters  incident  to  the  recognition  of  words. 

It  may  be  noted,  finally,  that  my  results  do  not  favor  the  so-called 
dominant  letter  theory  of  Zeitler,*  Mesmer,'  and  others,  which  main- 
tains that  the  most  objectively  prominent  letters  play  the  principal 
r61e  in  the  process  of  word  recognition.  While  there  is  probably 
no  doubt  about  the  presence  of  this  factor  its  influence  is  generally 
very  much  obscured  and  often  apparently  obliterated  by  the  combined 
influence  of  other  factors. 

Among  the  different  factors  enumerated  above  as  complicating  the  re- 
sults of  Table  XXVI,  the  factor  of  the  position  of  letters  within  the 
word  offers  the  best  opportuntity  for  further  quantitative  study. 
In  Table  XXIX  the  per  cent  of  letter  recognitions  in  the  partial  sub- 
stitutions are  arranged  for  five  different  positions  within  the  word. 
The  calculations  are  made  for  six  subjects  and  the  method  is  the  same 
as  that  employed  in  deriving  Table  XXVI. 

Tabus  XXIX 


Frequency  in  per  cents  of  letter  recognitions  for  five  different  positions 
in  the  word. 

with- 

First. 

Second. 

Middle. 

Pre-final. 

Pinal. 

Subject. 

Casei. 

it 

Cases. 

* 

Cases. 

i 

Cases. 

i 

Cases. 

J« 

M. 

M.V. 

A. 

374-   64.1 

335.    59-2 

640.    52.1 

239-   39- 1 

391.   412 

51.3     8.7 

M. 

300.   58.3 

262.   62.2 

519.    50.6 

238.  44-9 

289.    35-6 

50.3      8.3 

W. 

233-   65.2 

220.   61.8 

440.   55-9 

184.   50.5 

233.    59-6 

53.8      9.5 

B. 

143.   69.2 

135.   61.4 

301.   33-8 

123.   31.7 

133.  40.6 

51.4   X8.9 

C. 

61.  47-5 

60.   60.0 

92.  43-4 

44-  45.4 

6x.   37.7 

46.8     7.4 

H. 

85.   58.8 

77.   70.1 

112.  58.9 

70.  44-2 

86.  65.1 

59.6    7.x 

^  Tachistoskopische  Versuche  fiber  das  Lesen,    Phil,  Studien,  16,  380-463. 
*  Archiv  fUr  die  GesanUe  Psychologie,  a.  ^   _ 
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This  table  shows  that  for  all  individuals  literal  reading  is  decidedly 
more  likely  to  occur  in  the  first  than  in  the  latter  portion  of  the  word 
There  is,  however,  only  one  complete  agreement  among  the  differen 
individuals  in  the  order  of  preference  for  the  different  positions  withu 
the  word,  viz.,  between  the  results  of  subjects  W.  and  B.  Table  XX3 
compares  directly  the  order  of  preference  for  the  five  positions  wiihi] 
the  word. 

TablbXXX 

Five  positions  within  the  word  ranked  in  the  order  of  frequency  of  literal  reoos 
nition  for  six  subjects. 


Rank. 

Subject 
A. 

Snblect 

Snblect 

Snttject 

Subject 

8«g«t 

MesB 

I. 

ISt 

3nd 

ISt 

ISt 

and 

znd 

and 

2. 

2nd 

ISt 

and 

and 

ISt 

5th 

ISt 

3- 

3rd 

3rd 

5th 

5th 

4th 

3rd 

3rd 

4- 

5th 

4th 

3«i 

3rd 

3rd 

ISt 

5th 

5- 

4th 

5th 

4th 

4th 

5th 

4th 

4th 

If  we  divide  the  word  into  three  portions  so  that  the  first  portion  i 
composed  of  the  first  and  second  letters  of  the  word,  the  third  of  th 
pre-final  and  final  letters,  and  the  middle  of  the  remaining  letters,  w 
get  the  results  set  forth  in  Table  XXXI. 

TablbXXXI 
Frequency  in  per  cents  of  letter  recognitions  for  three  different  positions  withii 
the  word. 


Firtt. 

Middle. 

I^st. 

Subject. 

Cases.               i 

Cases.               ii 

Cases. 

a 

A. 

709.            61.8 

640.            52.1 

630. 

41.2 

M. 

562.            60.1 

519-            50.6 

527. 

39  8 

W. 

453.            63.5 

440.            55.9 

417- 

55.6 

B. 

278.            65.3 

301.           33-8 

256. 

36.1 

C. 

121.             53.2 

92.           43-4 

105. 

415 

H. 

162.            64.4 

112.           58.9 

156. 

546 
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With  one  slight  exception  in  the  case  of  subject  B.  this  table  shows 
that  there  is  a  regular  decrease  in  the  amount  of  literal  recognition  as 
we  progress  from  the  first  to  the  last  portion  of  the  word.  This  con- 
firms the  results  of  Pillsbury^  who  found  that  subjects  were  less  liable 
to  overlook  mutilated  or  omitted  letters  in  the  first  than  in  the  latter 
portions  of  the  word. 

It  is  perhaps  worth  noting  that  in  word  recognition  we  have  appar- 
ently the  same  law  repeating  itself  on  a  modified  scale,  which  was  found 
to  hold  for  the  total  reading  field.  It  will  be  remembered  that  in  the 
total  reading  field  the  region  of  clearest  vision  habitually  occurred  in 
the  left-hand  portion,  and  the  distinctness  of  perception  gradually  de- 
creased toward  the  right.  This  law,  however,  can  be  said  to  hold  for 
word  recognition  only  in  a  general  way,  for  when  we  examine  the 
results  in  detail  we  find  several  distinct  varieties  or  types  of  word  per- 
ception, some  of  which  do  not  harmonize  with  this  statement.  All 
that  can  be  said  is  that  the  most  frequently  occurring  type  of  word 
recognition  does  agree  with  the  above  statement  of  the  law.  The 
following  table  contains  examples  of  the  different  types  of  word  per- 
ception considered  from  the  standpoint  of  the  position  of  the  recognized 
letters  within  the  word.  The  first  colunm  contains  the  words  actually 
presented,  and  the  second  colunm  contains  the  substitutions.  The  itali- 
cized letters  are  those  found  in  common  between  the  two  sets  of  words. 

» Op.  Cit. 
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Tablb  XXXII 

Examples  of  substitutions  showing  different  types  of  word  perception.    Pa 
cdved  letters  are  italicized. 

First  Letters 


Word. 

Substitution. 

Word. 

SntMtitntioii. 

bed 

best 

great 

grey 

soon 

same 

that 

there 

many 

image 

plots 

plMX 

thud 

thither 

6aby 

Mrd 

fretxe 

fresh 

Paris 

part 

caught 

crawling 

thia 

Mere 

Middle  Letters 

Word. 

Sutwtitution. 

Word. 

SntMUtittioii. 

darkne^ 

charges 

baiMfit 

hami 

among 

one 

buOd 

%n 

world^s 

amldn*t 

home 

from 

dead 

sat 

leaky 

bet 

pan 

grass 

and 

in 

beaver 

leaves 

flowers 

Tom 

Last  Letters 


Word. 

Subctitution. 

Word. 

Substation. 

home 

came 

love 

have 

by 

they 

nest 

most 

heard 

board 

water 

offer 

shaggy 

grizzly 

holding 

bringing 

mere 

there 

matn 

cham 

found 

hand 

pet 

get 

First  and  Middle  Letters 


Word. 

Substitution. 

Word. 

Substitution. 

hear 

^teaps 

sat 

war 

honest 

^me 

hunter 

haunt 

thiei 

thier 

Plots 

Plato 

steal 

stand 

honey 

home 

beayer 

becanse 

given 

graves 

great 

grey 

T£;atc^^ 

winch 
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Word. 

SubstituUon. 

Word. 

Substitution. 

houses 

homes 

feU 

faU 

hatched 

harassed 

and 

aid 

child 

could 

but 

W/ 

booty 

beauty 

after 

a/raid 

poor 

power 

secure 

scene 

wants 

worst 

supply 

simply 

Middle  and  Last  Letters 


Word. 

Substitution. 

Word. 

Sub«UtuUon. 

pier 

chair 

homing 

buiWfig 

big 

htgh 

booty 

honey 

fall 

traU 

saw 

anew 

cotdusion 

question 

heaped 

damped 

heavy 

baby 

never 

ever              ^ 

hand 

land 

have 

leave 

First,  Middle,  and  Last  Letters 


Word. 

Substitution. 

Word. 

Substitution. 

printed 

prolonged 

era 

are 

nest 

next 

liberty 

briefly 

there 

three 

flowers 

foUows 

peasant 

present 

sculptor 

scrupulous 

centuries 

cofUinuous 

hordes 

herds 

possessed 

oppressed 

fMe 

letters 

The  comparative  frequency  of  the  different  types  is  shown  in  Table 
XXXIII.  The  initials  F.,  M.,  L.,  etc.,  in  the  first  column  represent  the 
various  positions  within  the  word,  i.  e.,  first,  middle,  last,  etc.  Those 
at  the  head  of  the  columns  stand  for  the  different  subjects. 

Tablb  XXXIII 

The  comparative  frequency  in  per  cents  of  the  different  types  of  word  per- 
ception as  determined  by  the  positions,  within  the  word,  of  the  literal  recognitions. 


Type. 

A. 

M. 

w. 

B. 

F. 

24- 

24. 

15. 

25 

F.  and  M. 

14. 1 

28. 

9- 

15- 

F.  and  L. 

22.2 

6. 

14. 

16. 

F.,  M.,  and  I 

19.7 

15. 

26. 

17. 

M. 

3. 

14- 

ID. 

II. 

M.  and  L. 

9.2 

9. 

6. 

8. 

L. 

8. 

4. 

20. 

8. 
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According  to  these  results  the  curves  presented  in  Tables  XXIX 
and  XXXI  represent  a  mixture  of  species  or  types  of  word  perception, 
the  size  of  the  per  cents  for  the  different  positions  within  the  word 
indicating  the  relative  frequency  of  each  type.  While  the  taUe  shows 
that  certain  types  occur  more  frequently  than  others,  yet  the  distribu- 
tion of  the  percentages  is  sufficiently  wide  to  indicate  that  all  the  tjrpes 
are  real. 

Another  question  of  interest  is  the  relative  frequency  of  recognition 
of  different  letters  in  the  different  positions  within  the  wonL  Although 
this  is  a  rather  large  problem  in  itself  and  would  require  in  most  in- 
stances a  much  larger  number  of  cases  than  we  have  at  ova  disposal, 
I  ventiure  to  submit  samples  of  the  results,  chiefly  on  account  of  the 
method,  which  promises  to  be  of  value  in  the  solution  of  this  problem. 
Table  XXXIV  contains  the  per  cents  of  recognitions  for  various  letters 
in  different  positions  within  the  word.  The  number  of  cases  appears 
in  connection  with  the  per  cents,  and  in  no  instance  is  the  figure 
given  for  any  position  based  on  fewer  than  ten  cases. 

In  studying  these  figures  it  should  be  kept  in  mind  that  for  any  par- 
ticular letter  there  may  be  certain  positions  within  the  word  where  it 
rarely,  if  ever,  occiurs.  This  fact  accounts  for  many  of  the  vacant  spaces 
in  the  table,  but  it  still  leaves  a  considerable  number  of  cases  to  be  ex- 
plained on  the  ground  of  mental  peculiarities  of  subjects,  character- 
istic forms  of  letters,  accidental  circiunstances,  or  various  combina- 
tions of  these  and  other  factors.  We  may,  however,  be  fairly  justified 
in  disregarding  the  factor  of  accident  wherever  the  curves  assume  a 
marked  degree  of  uniformity  or  of  regularity.  In  such  cases  it  seems 
quite  probable  that  we  have  at  least  a  rough  measure  of  the  two  re- 
maining factors  for  different  letters  in  different  positions  within  the 
word,  though  it  may  not  be  possible  in  any  instance  to  analyze  and  com- 
pletely evaluate  each  of  these  factors  from  the  data  at  hand.  This 
view  is  rendered  more  probable  by  the  fact  that  the  percentages  vary 
only  to  a  slight  degree  with  the  number  of  cases,  indicating  that  we 
are  likely  to  obtain  a  characteristic  curve  for  any  letter  in  the  different 
positions  within  the  word  with  comparatively  few  cases. 

I  shall  not  take  the  space  to  comment  upon  these  figures  further  than 
to  point  out  that  here  again  my  results  fail  to  lend  any  material  sup- 
port to  the  dominant  letter  theory,  referred  to  above,  and  to  suggest 
what  appear  to  be  more  probable  dominant  influences  in  deter- 
mining the  higher  percentages  in  the  table.  The  first  of  such  influences 
which  may  be  suggested  is  the  comparatively  great  frequency  with 
which  certain  letters  occur  in  ordinary  discourse,  such,  for  example, 
as  the  letters  a,  e,  n,  r,  s,  etc.  As  noted  above  we  find  that  in  every 
case  where  the  frequency  of  occurrence  of  a  letter  is  relatively  great 
the  per  cent  of  recognition  is  high,  and  this,  regardless  of  the  prominence 
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of  the  letter  concerned.  The  other  influence  which  appears  to  be  a 
dominant  one  is  the  mental  habit  of  associating  letters  with  their  cus- 
tomary positions  within  the  words.  Where  such  a  habit  exists  it  is 
evident  that  a  minimal  stimulation  is  all  that  is  necessary  in  order  to 
produce  an  adequate  impression  of  any  letter.  But  no  such  habit 
can  be  adequate  to  meet  all  situations  in  which  a  given  letter  may  occur. 
Hence  the  frequent  liability  to  error  in  spite  of  the  habit.  Certain 
letters  and  certain  positions  within  the  word  are  naturally  more  sub- 
ject to  such  ambiguities  than  others  and  these  are  indicated  in  the 
table  by  their  comparatively  low  percentages. 


60 


PERCEPTUAL  FACTORS  IN  READING 


Table  XXXIV 

Percentage  of  recognitions  for  various  letters  in  different  positions  within  the 
word. 


8tit>iect. 

1 

Pint. 

Second. 

Middle. 

Prc-fituil. 

Pinal. 

Cams. 

% 

Cmm. 

ik      Oiies. 

Jt 

Cases. 

$ 

Cases. 

I' 

1 
j4. 

i     A. 

29 

72.0 

63 

60.3 

52. 

34  8 

II. 

45  4 

1         M. 

15. 

46.6 

48. 

52.0 

69 

39  I 

II. 

63.6 

w. 

34- 

52.8 

58. 

55  I 

II. 

63.6 

B. 

ID. 

60.0 

25. 

64.0 

24 

16.0 

C 

'         A. 

40. 

72  5 

28. 

42.5 

M. 

10. 

80.0 

II . 

63.6 

W. 

II  . 

72.7 

B. 

II. 

18.0 

D. 

A. 

15- 

60.0 

62. 

38.7 

M. 

16. 

56.2 

51. 

31  3 

W. 

17 

47  0 

38. 

50.0 

B. 

18. 

38.8 

E, 

A. 

10. 

50  0 

33- 

48.4 

68. 

62.3 

60. 

50.0 

53- 

43  3 

M. 

50. 

64.0 

64. 

57-8 

58. 

63.8 

42. 

57   I 

W. 

56. 

69.6 

45. 

71.1 

51- 

62.7 

48. 

66.6 

B. 

25. 

68.0 

34 

35.2 

28. 

53-5 

21. 

38.0 

/. 

A. 

35- 

48.5 

58. 

60.3 

17- 

17.6 

M. 

14 

57  0 

33 

81.8 

41- 

43  9 

10. 

50.0 

W. 

25- 

64.0 

48. 

45-8 

B. 

16. 

68.7 

39- 

33-3 

L, 

A. 

16. 

37-5 

28. 

57.1 

43 

53-4 

M. 

15.     lOO.O 

22. 

63  6 

12. 

33.3 

W. 

14. 

42.8 

18. 

50  0 

10. 

833 

B. 

14- 

42.8 
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N. 

A. 

13- 

46.0 

31. 

70.9 

39 

45  5 

41- 

36.5 

M. 

H- 

71  4 

27. 

66.6 

32. 

56.2 

37. 

35- 1 

W. 

13 

69.2 

23- 

47.8 

23- 

65.2 

28. 

60.7 

B. 

10. 

80.0 

18. 

38.8 

26. 

50.0 

II. 

18. 1 

0. 

A. 

20. 

90.0 

63. 

77  0 

47- 

51  0 

19- 

42.1 

M. 

37- 

62.1 

26. 

65.3 

15 

66.6 

W. 

29 

48.2 

13 

53-8 

14 

42.8 

B. 

24 

66.6 

22. 

45.4 

P. 

A. 

18. 

100. 0 

10. 

0.0 

16. 

37.5 

M. 

25- 

68.0 

33. 

515 

W. 

35- 

82.8 

13- 

61.5 

B. 

14- 

92.8 

J^. 

A. 

15- 

60.0 

19 

89.4 

99 

50.5 

20. 

25.0 

10. 

60.0 

M. 

13 

84.6 

18. 

72.2 

63. 

65.0 

16. 

50.0 

16. 

56.2 

W. 

II. 

72.7 

51. 

74-5 

12. 

33-3 

16. 

50.0 

B. 

30- 

20.0 

13- 

38.4 

S". 

A. 

33- 

39-6 

39 

61.5 

26. 

38.4 

68. 

27.9 

M. 

25- 

56.0 

27. 

48.1 

20. 

15.0 

54 

28.8 

W. 

23. 

73.9 

35- 

68.5 

16. 

56.2 

44- 

43- 1 

B. 

II. 

54-5 

17- 

58.8 

38. 

28.9 

T. 

A. 

29. 

75.8 

10. 

60.0 

49- 

57.1 

29. 

41.3 

M. 

16. 

75  0 

12. 

75.0 

39 

71.7 

25. 

0.0 

W. 

18. 

72.2 

12 

100. 0 

38- 

78.9 

23- 

95  6 

B. 

16. 

75  0 

24- 

50.0 

14. 

78.5 

CONCLUSION 

It  remains  now  to  say  a  few  words  by  way  of  general  siunmary  and 
application  of  the  results  of  this  study. 

In  the  first  place  it  has  been  found  that  in  every  form  of  experiment 
in  reading  which  has  been  undertaken,  the  influence  of  context  as  a 
condition  of  word  recognition  is  stron^y  in  evidence.  It  has  also 
been  found  that  for  all  subjects  ranging  from  about  the  age  of  nind 
or  ten  up  to  maturity  the  constituent  elements  of  context,  i.  e.,  the 
phrase,  the  sentence,  the  paragraph,  etc.,  have  each  a  definite 
measurable  value  as  an  aid  in  the  perception  of  words.  The  influence 
of  these  factors  varies  with  different  individuals,  with  maturity,  with 
(Mractise,  and  with  different  selections  of  reading  matter,  the  latter 
varying  directly  with  the  perfection  of  context.  The  value  of  these 
facta  as  a  warrant  for  the  pedagogical  practise  of  presenting  reading 
lessons  in  the  form  of  whole  compositions  is  obvious. 

In  the  study  of  the  detailed  processes  of  word  perception,  it  is  seen 
that  within  the  area  of  relatively  clear  vision,  certain  portions  only 
are  selected,  viz.,  the  focal  area  or  the  area  of  distinct  attention  and  that 
of  the  right-hand  marginal  impressions,  and  these  taken  together 
constitute  what  I  have  chosen  to  call  the  reading  field.  Within  this 
reading  field  there  are  going  on  simultaneously  and  side  by  side  several 
relatively  independent  processes  of  word  perception  whose  degree 
of  development  varies  inversely  as  their  degree  of  marginality.  This 
development  extends  through  the  entire  series  of  perceptual 
distinctions  represented  in  the  tables,  from  complete  recognition  on 
the  left  to  a  mere  consciousness  of  ''something  there"  on  the  right. 
Besides  the  distinction  between  margin  and  focus  there  are  within 
the  focal  area  itself  further  distinctions  corresponding  to  the  separate 
word  impressions,  and  the  order  in  which  these  impressions  come  to 
full  recognition  is  normally  the  order  in  which  the  words  appear 
upon  the  page  in  passing  from  left  to  right.  In  the  majority  of  cases 
little  further  analysis  is  necessary,  the  general  characteristics  of  the 
word  being  the  principal  cue  by  which  it  is  recognized.  But  when 
some  unfavorable  condition  arises  or  when  the  words  are  strange  or 
difficult,  additional  distinctions  within  the  word  are  required,  in  which 
case  the  parts  of  the  word  must  be  brought  more  or  less  clearly  to 
oofDsciousness  according  to  the  degree  of  the  complexity  or  unfamil- 
iarity.  It  is  probable,  however,  that  a  certain  amoimt  of  literal  anal- 
ysis always  takes  place  in  some  of  the  words,  even  imder  the  most 
favorable  conditions,  owing  to  the  peculiar  structure  of  the  visual  ap- 
paratus, to  the  chance  direction  of  the  attention,  and  to  the  prom- 
inence of  certain  letters  due  to  their  size,  peculiar  structure,    or   to 
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their  more  or  l^a  favorable  position  within  the  word.  But  as  a 
rule,  conscious  resort  to  such  analysis  occurs  only  when  the  word 
presents  some  special  difficulty  and  spontaneous  recognition  by 
means  of  the  more  general  attributes  of  the  word  fails.  The  form  of 
procedure  may,  therefore,  be  described  as  predominantly  synthetic- 
analytic,  the  amount  of  analysis  tending  in  general  to  decrease  with 
growth  in  ability  and  with  increasing  familiarity  with  the  materia! 
read.  Something  doubtless  depends  upon  the  peculiar  mental  habits 
of  the  individual,  possibly  also  upon  the  methods  employed  in  learning 
to  read. 

It  has  been  possible  to  make  an  exact  statement  of  the  amount  of 
this  analysis  only  in  the  ease  of  partial  substitutions,  which,  of  eourBei 
classify  under  the  head  of  difficult  or  strange  words,  or  what  is  equiva- 
lent to  this,  viz.  J  familiar  words  read  under  unfavorable  conditions. 
In  euch  cases  it  has  been  found  In  general  that  about  fifty  per  cent, 
of  the  letters  are  recognized.  More  literal  recognitions  take  place  in 
the  first  part  of  the  word,  the  frequency  decreasing  regularly  from  the 
first  to  the  last*  The  frequency  of  such  recognitions  is  i^ot  influenced 
to  any  very  appreciable  extent  by  the  prominence  of  the  letters,  but 
rather  more  by  the  frequency  of  occurrence  of  the  letters  in  the  words, 
and  by  the  mental  habit  of  associating  letters  with  their  customary 
positions  within  the  words*  An  important  apphcation  of  this  anal- 
ysis of  the  reading  field  is  that  the  perceptud  distinctions  thus  foimd 
may  be  taken  as  representing  more  or  less  approximately,  the  sta^^ 
which  actually  occur  in  the  process  of  word  recognition.  These  stages 
are  not  easily  demonstrable  by  the  method  of  introspectjon  aiid  it 
is  only  as  they  appear  as  separate  perceptual  distinctions  within  the 
total  reading  field  that  it  has  been  possible  to  obtain  any  deiinite  quan- 
titative statement  of  their  real  character. 

As  to  the  cause  of  the  perceptual  distinctions  described  in  the  tablefi 
the  present  state  of  our  knowledge  is  not  such  as  to  admit  of  &  satis* 
factory  theory.  But  if  we  consider  these  results  in  the  light  of  related 
studies  of  the  problem  of  reading,  a  number  of  factors  seem  fairly  well- 
defined.  Among  the  most  important  of  these  are  the  following:  (1) 
The  lack  of  uniformity  in  retinal  development.  It  is  wel!  known  that 
the  portion  of  the  retina  involved  in  a  single  perceptual  group»  which 
probably  never  exceeds  a  lateral  diameter  of  more  than  two  or  three 
millimeters  is,  as  a  rule,  never  uniform  in  its  development,  its  sensi- 
tivity tending  gradually  to  decrease  towards  the  periphery/ 

As  a  result  the  intensity  of  retinal  impressions  would  tend  to  vary  in 
the  same  direction  as  would  also  the  recognition  of  these  impresfiions. 
But  the  exact  extent  to  which  this  factor  is  responsible  for  the  inequal- 


*  W.  C.  Rufidiger.     "The  Area  of  Duatinct  Vision,"  ArcluTies  of  Psyck,,  No.  j^ 
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ity  of  perceptual  distinctions  is  thrown  in  doubt  by  the  fact  that  in 
the  smaller  perceptual  groups  where  the  factor  of  retinal  disparity 
would  presumably  be  reduced  to  a  negligible  quantity,  we  still  find 
these  perceptual  distinctions  to  prevail.  We  are  accordin^y  forced 
to  look  further  for  a  satisfactory  explanation*  (2)  A  second  probable 
cause  is  to  be  found,  therefore,  in  the  fading  out  of  the  impressions 
on  the  right-hand  margin  of  the  visual  field  (on  the  left-hand  margin 
of  the  retina)  during  the  time  required  for  the  attention^  to  pass  from 
left  to  right  over  the  separate  word  impressions,  converting  each  in 
turn  into  a  definite  word  perception.  The  time  thus  required  is  prob- 
ably a  function  of  the  time  required  actually  to  speak  the  words. 
But  this  fading  out  process  can  hardly  be  assumed  to  take  place  until 
after  the  stimuli  have  ceased  to  operate.  Assuming  that  these  percep- 
tual distinctions  hold  for  normal  reading,  the  suggestion  is  that  the 
reading  process  on  the  perceptual  side  consists  of  a  rhythmic  alter- 
nation of  stimulations  and  interpretations,  each  requiring  a  definite 
interval  for  its  accomplishment.  On  first  thought  one  might  suppose 
that  these  two  phases  were  correlated  respectively  with  the  two  phases 
of  eye  movement,  viz.,  the  period  of  rest  and  the  period  of  movement; 
but  owing  to  the  extreme  brevity  of  the  latter,  about  .030  second' 
on  an  average,  it  is  obvious  that  it  would  not  afford  sufficient  time  for 
the  phase  of  interpretation,  hence  the  necessity  for  the  further  suppo- 
sition that  the  latter  part  of  the  period  of  rest  is  occupied  with  this 
phase  of  the  process.  A  corroborating  circimistance  is  the  fact  that  in 
tachistoscopic  reading  the  optimum  exposure  time  is  much  less  on  the 
average  than  the  reading  pause  in  normal  reading,'  thus  showing  that 
the  entire  time  of  the  reading  pause  is  not  needed  for  adequate  stim- 
ulation. (3)  A  third  factor  which  doubtless  influences  the  result,  is 
the  character  of  the  process  of  attention  as  independent  of  the  area 
of  most  distinct  vision  on  the  retina.  Within  this  area  the  scope  of 
distinct  attention  is  variable  depending  upon  the  relation  of  the  stim- 
ulus to  the  individual's  experience,  or  upon  the  arbitrary  purpose  of 
the  subject.  Seldom,  if  ever,  in  my  results  does  it  appear  that  the  scope 
of  distinct  attention  is  equal  to  this  relatively  distinct  retinal  area, 
and  this  leaves  a  margin  of  impressions  of  which  only  those  on  the 
right  hand  could  play  any  immediate  part  in  the  normal  reading  process, 
owing  to  our  peculiar  method  of  reading  from  left  to  right. 

As  to  what  functions  the  marginal  impressions  perform  in  normal 
reading,  assuming  that  they  are  approximately  represented  by  my 

*  By  the  term  "attention"  I  refer  to  the  fact  of  conscious  stress  or  relatively 
high  degree  of  intensity  of  consciousness  as  it  appears  now  in  one,  now  in  another 
portion  of  the  conscious  field  without  impl3ring  any  particular  theory  of  attention. 

■  Huey  and  Dearborn :  Op.  Cit. 

»  Dearborn:  Op.  Cit. 
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results,  oiir  knowledge  is  likewise  somewhat  too  meagre  to  formu- 
late any  definite  theory.  Nevertheless,  a  sufficient  number  of  facts 
have  been  established  to  warrant  some  tentative  conclusions.  In  the 
first  place  the  right-hand  marginal  impressions  doubtless  serve  as 
preliminary  partial  perceptions  of  the  words,  which  together  with  the 
factor  of  context,  facilitate  the  full  recognition  of  these  impressions 
when  they  appear  in  the  area  of  distinct  attention  at  the  next  reading 
pause*  Again,  these  impressions  are  essential  as  marginal  stimuli 
to  the  eye  for  the  reflex  movement*  which  takes  place  between  the 
reading  pauses.  They  also,  doubtless^  assist  in  determining  the  di- 
rection and  extent  of  the  movement,  thus  fixing  the  character  and  size 
of  the  group  of  impressions  included  within  the  reading  pause.  That 
there  is  a  correlation  between  the  ai2e  of  the  area  of  distinct  attention 
and  that  of  the  right-hand  marginal  impressions  is  shown  by  the  fact 
that  the  area  of  the  former  varies  inversely  as  the  area  of  the  latter. 
The  constant  presence  of  the  riglit-hand  marginal  area  must  be  of 
value,  therefore,  owing  to  its  preparatory  and  orienting  effect,  allowing 
a  more  rapid  succession  of  the  movements,  which  more  than  compen- 
sates for  the  loss  in  breadth  of  clear  perception  entailed  by  the  pres- 
ence of  these  marginal  impressions.  The  upper  and  lower  marginal 
impressions  probably  also  assist  in  determining  the  direction  of  the 
eye  movement  while  those  on  the  left-hand  margin ,  come  into  function 
only  upon  return  sweeps  of  the  eyes  in  cases  of  mistake  or  in  pa38ing 
to  a  new  line* 

There  are,  however,  still  other  factors  which  undoubtedly  assist  in 
controlling  the  eye  movement.  For  example,  the  character  of  the 
recognition  process  as  such,  i,  e.»  whether  it  is  successful  or  unsuccessful, 
is  presumably  the  primary  cue  determining  the  character  of  this  move- 
ment. But  before  this  factor  can  become  operative,  and  before  the 
marginal  impressions  can  become  effective  as  stimuli  there  must  inter- 
vene a  feeling  of  satisfaction  or  dissatisfaction,  as  the  case  may  be, 
depending  upon  the  character  of  the  recognition  process. 

Supplementary  to  these  factors  are  the  peculiar  habits^  of  eye  move- 
ment noticeable  particularly  in  very  rapid  readers,  and  more  or  less 
in  all  readers,  which  tend  to  reduce  the  amount  of  variability  in  the 
extent  of  the  movement  between  the  reading  pauses.  This  tendency, 
however,  is  never  quite  strong  enough  to  overcome  completely  the  in- 
fluence of  the  variable  size  and  complexity  of  the  marginal  impressions, 
and  accordingly  we  alwairs  have  a  certain  amount  of  variability  re- 
maining in  spite  of  this  factor.  A  useful  function  of  this  factor  of  habit 
probably  consists  in  maintaining  an  average  span  for  the  distinct 


»  R.  Dodge:  *'  Five  Types  of  Eye  Movements  in  the  Horizontal  Meridian  Plane 
of  the  Field  of  Regard/*  Am.  /.  PhysioL,  8- 
*  Dearborn  rO/r.  CU. 
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attention  within  which  the  least  poBsible  amount  of  literal  analyna  is^ 
lequired.  The  reading  prooefls  is  thus  rendered  more  automatic,  the- 
rate  and  precision  are  increased,  and  the  nervous  expenditure  is  reduced 

to  a  Tninimiifn- 

The  reader  need  hardly  be  reminded,  in  conclusion,  that  in  this- 
study  the  investigation  has  been  almost  wholly  confined  to  the  purely 
perceptual  aspect  of  the  reading  process,  in  which  only  the  more  habitual 
and  automatic  phases  of  word  perception  are  involved.  So  f ar  as- 
concems  the  hi^er  syntheses  involved  in  the  higher  interpretational 
phase  of  reading,  the  results  of  course  have  little,  if  any,  inmiediate 
Implication.  This  latter  phase  deserves  special  treatment  on  its  own 
account  and  would,  of  course,  require  other  methods  than  those  em- 
ployed in  this  study. 
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TIME  IN   ENGLISH  VERSE  RHYTHM 


This  study  treats  of  the  time  relations  found  in  English  verse 
rhythm.  It  states  the  defects  of  the  current  methods  of  studying 
the  subject  and  the  advantages  of  psychological  experimentation  by 
the  aid  of  graphic  records  of  the  voice.  Selected  examples  of  Eng- 
lish verse  are  then  examined  and  the  various  theories  of  metrists 
and  psychologists  on  the  subject  criticized  in  the  light  of  the  ex- 
perimental results. 

INTRODUCTION 

No  one  will  contradict  the  statement  that  all  verse  is  character- 
ized by  rhythm.  About  poetry  there  may  be  some  dispute;  at 
any  rate  highly  poetic  prose  may  not  be  particularly  rhythmical  and 
may  at  the  same  time  be  better  poetry  than  some  very  regular 
verse.  Every  theory  of  rhythm,  no  matter  what  its  other  peculiari- 
ties, must  be  suflSciently  broad  to  include  verse.  Music  and  verse 
are  the  sources  of  most  of  our  more  affective  experiences  of  rhythm. 
Not  that  there  are  not  many  other  rhythmical  experiences  in  our 
daily  life,  indeed  the  ordinary  functions  of  our  organic  existence 
are  constantly  supplying  a  stream  of  sensations  which  are  at  once 
recognized  as  rhythmical  when  attention  is  paid  to  them.  But  it  is 
through  our  ears  that  we  are  best  able  to  enjoy  perceiving  rhythms 
and  with  the  voice  that  we  produce  them  oftenest  and  with  the 
greatest  satisfaction.  The  ordinary  organic  rhythms  go  on  un- 
perceived  for  the  most  part,  and  the  same  may  be  said  of  such 
semi-voluntary  movements  as  walking  or  riding  a  bicycle.  Even 
heard  rhythms  are  frequently  ignored,  it  is  true,  but  music  and 
still  more  verse  receive  a  high  degree  of  attention.  And  even  if  we 
learn  to  disregard  music  under  certain  circumstances,  when  we  are 
occupied  in  conversation  or  otherwise  preoccupied,  the  sound  of 
recited  verse  retains  its  power  to  compel  our  attention. 

This  is  perhaps  due  to  the  infrequency  with  which  recited  verse 
is  heard  under  modern  conditions;  the  ancients  perhaps  paid  as 
little  attention  to  the  public  reciter  as  the  moder?!  gourmet  pays  to 
the  orchestra  while  he  dines.  However  this  may  be  with  regard  to 
passive  appreciation,  it  is  certain  that  the  act  of  producing  or  repro- 
ducing music  or  verse—still  better  good  music  or  poetry— is  keenly 
enjoyed  by  most  people. 
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The  mere  admimioii^  howerer,  that  aU  rene  is  riythmical  tells 
very  little  about  the  nature  of  rfajrthm  itadf  and  still  leas  about 
Terse,  It  is  here  that  all  the  confusion  arises,  for  withoot  an 
adequate  determination  of  one  or  the  other  term  no  advanee  can  be 
made.  If  rhythm  eoold  be  defined  onee  for  aU  it  wonld  be  feasible 
to  apply  this  definition  to  verse.  On  the  other  hand  if  Terse  were 
onee  folly  analyzed  a  definition  of  rhythm  eould  be  indirectly 
derived  with  some  degree  of  assurance. 

In  view  of  the  difSculty  of  defining  rhythm  independently  the 
other  course  seems  the  more  hopefuL  The  task  appears  simple,  and 
once  accomplished  there  could  be  no  more  of  tiie  "inaccuraey,  con- 
fusion, misconception,  misrepresentation,  mystification,  and  down- 
right ignorance"  of  which  Poe  complains  so  bitterly  in  that  essay 
of  his  which  is  still  the  most  penetrating  analysis  we  have  of  English 
verse.'  Yet  simple  as  the  task  seems  it  has  not  been  accomplished 
and  indeed  has  scarcely  been  broached  by  a  long  line  of  students 
both  metrists  and  psychologists.' 

That  the  net  result  of  all  the  careful  attention  devoted  to  the 
subject  of  verse  rhythm  has  been  so  inconclusive  is  due  in  great 
measure  to  one  fundamental  mistake  in  method — a  mistake  which 
has  not  been  recognized  till  recently,  and  which  is  being  corrected 
only  slowly.  This  mistake  lies  in  treating  rhythm  objectively  as 
an  art  form  rather  than  as  a  form  of  motor  expression.  By  this  I 
do  not  mean  to  express  a  prejudice  against  all  but  the  so-called 
** motor  theories"  of  rhythm.  And  indeed  I  would  by  no  means 
slight  the  study  of  rhythmic  forms  as  they  are  perceived.  But  I 
do  maintain  that  the  study  of  verse  forms  would  have  gotten  along 
much  faster,  if  we  had  paid  more  attention  to  the  actual  performance 
of  an  individual  in  producing  spoken  verse,  and  less  to  the  im- 
pression made  upon  a  listener.  After  all  it  is  the  nature  of  the 
rhythmic  action  which  counts. 

So  long  as  the  listener  receives  a  rhythmic  impression  it  is 
enough.  Beyond  that  his  analysis  is  at  best  unscientific  and  at 
worst  positively  misleading.  He  is  open  to  all  sorts  of  peculiar 
illusions  arising  from  the  nature  of  the  material  in  hand.  It  is 
a  well  known  fact  that  the  estimation  of  intervals  of  time  is  ex- 
tremely difficult  under  the  best  of  circumstances.     It  is  peculiarly 

*  Poe,  E.  A.,  "  The  Rationale  of  Verse." 

'  For  a  bibliography  of  metrists  see  Gay  ley  and  Scott,  "  An  Introduction 
to  the  Methods  and  Materials  of  Literary  Criticism,"  Chap.  7,  1899;  Omond, 
T.  8.,  "English  Metrists,"  1903.  For  psychologists  see  Wallin,  J.  E.  W., 
Studies  from  the  Yale  Psychol.  Laboratory,  9,  1901;  Stetson,  R.  H.,  Psychol, 
Rev.  Mon.  8up.,  Vol.  IV.,  p.  413,  1903;  Triplett  and  Sanford,  Am.  Jour,  of 
Psych.,  12,  1901;  Miner,  J.  B.,  Psychol.  Rev.  Mon.  Sup.,  No.  21,  1903;  Minor, 
J.,  "  Neuhochdeutsch  Metrik,"  1894. 
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hard  to  equate  intervals  filled  with  diflferent  sensational  content- 
lights  and  sounds,  or  sounds  of  diflferent  intensity  or  quality.  But 
in  verse  or  poetry  the  conditions  are  still  more  diflScult,  for  not  only 
are  the  intervals  to  be  compared  filled  with  a  content  which  is 
constantly  changing  in  sensational  quality— the  endless  variety  of 
sounds  which  make  up  the  words  and  phrases— but  it  is  also  dis- 
turbed by  the  intellectual  and  emotional  content.  Verse  can  not 
be  heard  as  a  mere  succession  of  sounds  making  up  a  rhythm.  It 
also  conveys  ideas  and  has  meaning.  And  the  meaning  of  it  can 
not  fail  to  interfere  with  any  attempt  to  form  an  estimate  of  the 
duration  or  intensity  of  the  mere  sounds. 

A  comparison  of  the  various  ideas  which  various  individuals 
have  held  will  sufiSce  to  justify  this  indictment  of  conclusions 
reached  by  the  unaided  ear  in  the  analysis  of  the  sounds  of  verse. 
And  even  the  most  superficial  study  of  the  verses  which  I  have 
analyzed  will  convince  anyone  that  the  time  values  of  words  in  our 
verse  are  far  diflferent  from  what  he  himself  would  be  led  by  his 
ear  to  expect.  Illusions  due  to  the  variety  of  sensational  quality  of 
the  sounds  themselves  and  graver  illusions  arising  from  the  fact 
that  verse  must  have  meaning  to  be  verse  at  all  can  only  be  avoided 
by  putting  a  mechanism  in  place  of  the  impressionable  listener  to 
analyze  the  sounds.  Such  mechanisms  are  available.  They  are 
designed  to  present  in  the  form  of  a  curve  or  otherwise  the  actual 
sounds  produced  in  speaking.  Such  a  record  is  of  course  one- 
sided in  that  it  deliberately  excludes  all  the  sense  content  of  speech. 

But  such  a  one-«ided  treatment  is  what  scientific  procedure 
demands.  To  study  a  phenomenon  in  its  entirety  may  occasionally 
yield  good  results  but  as  a  rule  analysis  must  proceed  first  by 
exclusion.  The  problem  must  be  made  specific  before  it  can  fairly 
be  attacked.  Speech  or  verse  rhythms  in  their  true  character 
present  a  multiplicity  of  diflSculties  like  the  proverbial  bundle  of 
arrows.  To  reduce  them  all  at  once  is  a  task  far  beyond  the  power 
of  the  present  writer;  this  enquiry,  therefore,  is  concerned  only 
with  the  sounds  which  reach  the  ear  as  one  listens  to  verse  which 
is  spoken.  No  account  can  be  taken,  then,  of  all  the  wealth  of 
feeling  and  idea  which  such  sounds  express  and  convey.  No  matter 
how  much  we  may  regret  such  a  forcible  divorce  of  the  sense  from 
the  matter  no  other  course  is  open.  Doubtless  such  a  separation 
may  seem  to  some  readers  useless  as  well  as  arbitrary.  And  so  far 
as  the  arts  of  versification  and  poetry  are  concerned  it  is  useless. 
Poets  will  continue  to  write  good  or  bad  verse  according  to  their 
gifts  as  heretofore;  no  formulae  can  tell  them  how  to  practise 
their  art  nor  even  serve  as  criteria  of  success  or  failure  for  them. 

But  for  the  psychologist  such  an  arbitrary  analysis  as  I  propose 
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is  by  no  means  useless.  Rhythm  is  one  of  the  commonest  psy- 
chological phenomena.  Hardly  an  act  is  performed  by  us  either 
mentally  or  physically  into  which  rhythm  does  not  enter  as  one  of 
the  obvious  factors.  Yet  we  know  little  of  the  nature  of  rhythm. 
In  fact  we  can  scarcely  define  it  coherently.  There  seems  to  be 
about  it  an  element  of  regularity  and  a  recurrence  in  time;  but 
wherein  the  regularity  consists  we  can  not  definitely  say  nor  can 
we  specify  what  the  conditions  are  under  which  recurrence  in 
time  takes  on  the  additional  characteristics  of  a  rhythm.  In  verse, 
however,  we  have  rhythm  exemplified— about  this  there  can  be  no 
doubt— and  there  is  every  indication  that  an  analysis  of  verse  will 
reveal  certain  of  the  essential  characteristics  of  all  rhythm.  And 
even  if  such  positive  characteristics  do  not  appear  the  analysis  will 
serve  to  exclude  from  further  consideration  certain  features  gen- 
erally attributed  to  rhythmic  phenomena  but  which  are  not  found 
in  the  actual  analysis.  For  in  this  case  as  in  many  otiiers  negative 
results  are  of  positive  value.  The  beginning  of  definition  is  in 
elimination  and  there  are  abundant  indications  that  the  definition 
of  rhythm  will  profit  by  eliminating  some  of  the  qualifications— 
particularly  in  regard  to  regularity  of  recurrence— which  have 
attached  themselves  to  it. 

The  fact  that  careful  analysis  of  verse— admittedly  one  of  the 
earliest  and  commonest  forms  of  rhythmic  expression— does  not 
reveal  certain  features  claimed  to  be  essential  to  rhythm  will  prove 
that  they  are  not  essential.  It  is  thus  that  the  psychologist  is 
justified  in  mutilating  good  verse  in  order,  not  so  much  to  find  out 
how  it  is  made,  but  to  get  rid  of  false  notions  about  its  rhythmic 
structure  and  about  the  necessary  conditions  of  rhythm  in  general. 

It  is  sometimes  claimed  that  verse  rhythm  does  not  reside  in  the 
sound  of  the  words  of  the  verse,  but  in  their  logical  and  emotional 
content  If  this  were  so  no  justification  could  be  found  for  analyz- 
ing the  sounds  apart  from  their  sense.  But  common  observation 
gives  the  lie  to  such  an  assumption.  Verse  in  an  imknown  tongue 
is  abundantly  rhythmical— sometimes  more  so  than  the  verse  we 
can  understand,  so  we  are  even  led  occasionally  to  the  false  infer- 
ence that  foreigners  chant  or  sing-song  their  verse.  Moreover  some 
of  our  own  verse,  nursery  rimes  as  well  as  some  very  ornate  poetry, 
is  practically  devoid  of  meaning,  but  maintains  a  strong  rhythm. 
Many  other  considerations  might  be  brought  forward  to  substantiate 
the  impression  that  the  mere  sounds  in  verse  are  rhythmical.  But 
the  fact  is  too  obvious. 

The  psychologist  is  justified  in  undertaking  an  analysis  of  spoken 
verse  rhythms  with  the  reasonable  expectation  of  obtaining  from  it 
information  about  the  nature  of  rhythm  in  general. 


CHAPTER   I 

Methods  op  Studying  Verse  Rhythm 
(a)  Simple  Observation  by  Ear 

The  most  natural  way  to  study  speech  sounds  is  to  listen  at- 
tentively. For  that  no  apparatus  is  needed  and  no  experimental 
technique  required.  The  method  is  still  simpler  if  one  listen  to 
one's  own  voice,  for  then  the  ear  is  aided  by  the  various  sensations 
and  feelings  which  arise  in  consequence  of  exercising  the  vocal 
organs.^  But  self-observation  even  when  quite  satisfactory  to  the 
individual  is  not  to  be  trusted  scientifically  and  can  not  be  accepted 
when  any  other  method  is  at  hand.  Direct  observation  of  other 
persons'  performances  is,  however,  involved  in  this  case  with  many 
of  the  same  difficulties  of  prejudice  and  preoccupied  attention  which 
beset  self-observation.  It  is  hard  to  form  a  judgment  about  what 
we  hear  spoken,  wholly  on  the  basis  of  what  we  hear.  The  observer 
is  very  apt  to  be  confused  by  what  he  would  himself  say,  or  even 
by  what  he  has  said  or  is  at  the  very  time  saying  under  his  breath 
as  he  listens  to  a  rhythmic  utterance. 

The  scientific  objections  to  what  is  here  called  the  observational 
as  contrasted  with  the  experimental  method  can  be  divided  into 
psychological  and  mathematical.  These  objections  apply  to  the 
qualitative  and  quantitative  aspects  of  the  results  respectively. 
Qualitatively  the  psychologist  should  look  with  suspicion  on  pro- 
fessed facts  of  observation  which  can  not  be  rehearsed,  that  is,  re- 
peated at  will.  Such  an  observation  is  valid,  in  general,  only  in  so 
far  as  it  asserts  that  there  was  a  phenomenon.  Analysis  and  quali- 
tative determination  of  the  phenomenon  should  not  be  attempted 
unless  the  phenomenon  can  be  recalled  and  the  analysis  verified. 
Taking  our  own  subject— verse  rhythm— as  an  example,  the  reality 
of  this  difficulty  is  beyond  doubt.  Let  us  suppose  that  I  sit  listen- 
ing to  the  recitation  of  Kingsley's  ** Three  Fishers."    When  the 

^That  the  sensations  from  the  speech  organs  themselves  are  not,  however, 
alone  sufficient  to  give  a  clear  impression  of  rhythm  can  be  discovered  by  any 
one  who  will  try  to  sing  or  recite  verse  in  the  presence  of  a  great  roar  of 
sound  or  better  still  when  there  is  a  strong  quick  echo.  Under  such  circum- 
stances it  is  extremely  difficult  to  maintain  regular  speech  rhythms.  When, 
however,  the  ear  is  fimctioning  normally  there  can  be  no  doubt  that  sensations 
attending  the  utterance  of  the  sounds  are  of  great  importance  in  the  total 
rhythmic  effect. 
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recitation  is  done  I  make  the  following  memoranda:  (1)  The  effect 
was  rhythmical  and  pleasing.  (2)  The  rhythm  was  anapaestic,  t.  €,, 
** rising/'  (3)  I  feel  that  rhythmic  eflfect  is  based  upon  the  rather 
regular  recurrence  of  strong  accents  or  beats  followed  by  unaccented 
syllables.     (4)  I  find  the  rhythm  somewhat  broken. 

Now  so  far  as  observation  (1)  is  concerned  there  can  be  no  dif- 
ficulty. That  is  the  statement  of  the  presence  of  a  phenomenon. 
But  the  other  observations  are  attempts  to  analyze  the  situation, 
and,  while  they  have  a  certain  value,  the  psychologist  knows  that 
they  are  subject  to  contradiction  both  by  other  observers  and  by 
the  same  observer  under  slightly  different  circumstances.  Thus  if 
I  listen  to  the  same  person  reading  the  same  verses  another  day, 
(the  reading  being  as  nearly  as  possible  the  same  as  before),  I  may 
very  likely  say  the  meter  is  dactylic,  very  regular,  and  based  on 
groups  of  sounds  of  about  equal  time  value. 

Such  contradictory  statements  arise,  of  course,  out  of  the  fact 
that  observers  are  subject  to  a  vast  complex  of  emotional  states  and 
intellectual  prejudices  which  make  their  uncontrolled  observations 
extremely  unreliable.  Thus  I  hear  the  rhythm  as  dactylic  when 
the  verse  affects  me  so  as  to  stimulate  me;  I  hear  it  as  anapaestic 
when  it  depresses  me.  I  notice  and  emphasize  the  stress  or  time 
factors  according  to  my  interest  or  prejudice  in  favor  of  one  or 
another  theory  of  versification.  The  rhythm  is  smooth  or  rough  to 
me  according  to  the  degree,  perhaps,  in  which  I  enter  into  the  swing 
of  the  verse  and  make  it  my  own ;  or  perhaps  the  roughness  is  only 
the  result  of  poor  muscle  tonus  which  prevents  a  good  motor  re- 
sponse. In  any  case  such  observations  are  not  to  be  depended  on 
because  we  have  no  assurance  that  they  can  ever  be  got  again. 

In  so  far  as  unaided  observation  pretends  to  arrive  at  quaniiia- 
tive  results  its  pretensions  must  fail  because  of  lack  of  measurement. 
Scientific  observations  are  valid  quantitatively  only  so  far  as  the 
accuracy  of  the  measurement  can  be  determined.  My  mere  observa- 
tion of  the  length  of  time  a  word  takes  in  utterance  or  of  the  rela- 
tive durations  of  the  syllables  composing  the  word  gives  no  measure 
that  can  be  relied  upon. 

So  far  then  as  rhythm  in  verse  depends  upon  quantitative 
factors  (time  and  stress),  uncontrolled  observation  gives  no  real 
means  of  determining  those  factors.  Such  a  method  must  ulti- 
mately give  way  to  one  offering  conditions  of  experimental  control. 
Meanwhile  it  is  often  the  only  method  at  hand,  and  weak  or  fallaci- 
ous as  its  determinations  of  fact  often  are  it  is  not  to  be  despised 
utterly.  Mere  observation  and  emotional  reaction  is  the  favorite 
procedure  of  the  poet,  and  the  study  of  verse  is  so  close  to  poetry 
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that  it  is  not  surprising  to  find  this  simple  method  persisting  long 
after  more  exact  methods  have  made  their  appearance. 

(6)  Phonographic  Repetition 

An  advance  is  made  beyond  uncontrolled  observations  like  those 
of  Sweet^  or  Lanier'  by  using  the  phonograph  record  as  repeated  by 
the  machine.*  I  am  not  sure  that  the  increased  accessibility  of  the 
record  (due  to  the  fact  that  it  can  be  repeated  at  will)  any  more 
than  compensates  for  the  inevitable  distortion  of  the  mechanical  re- 
production. In  this  respect  there  is  no  evident  advantage  over  a  fre- 
quent repetition  of  the  same  verses  by  the  reciter.  The  process  of 
reducing  the  speed  of  the  repeated  record,  while  it  aflfords  time 
for  more  accurate  reactions,  can  not  make  the  analysis  any  more 
reliable. 

This  method  is  open  to  the  same  objection  that  must  be  made 
to  mere  listening  observation  in  any  form.  The  disposition  and 
rhythmical  tendencies  of  the  listener  are  not  measurable  and  too 
much  trust  is  put  in  the  testimony  of  the  ear.  Even  if  more  than 
one  listener  records  results,  though  this  excludes  individual  distor- 
tions, it  can  not  give  anything  like  an  objectively  valid  measure- 
ment of  the  sounds  uttered.  The  main  fact  so  often  observed  and 
carefully  examined  that  we  construct  rhythms  in  series  which  are 
objectively  uniform  and  that  our  estimates  of  intensity  and  of  time 
duration  are  beset  with  illusions,  ought  to  make  us  mistrust  all 
observations  where  such  possibilities  of  illusion  enter  in. 

(c)  Tapping 

There  is  another  method  of  recording  speech  stress  which  is 
closely  allied  to  the  graphic  method  in  technique  but  psychologically 
quite  unrelated  to  it.  It  may  be  called  the  semi-graphic,  or  better, 
the  tapping  method.  It  permits  of  the  use  of  a  drum  and  time 
record  and  gives  a  permanent  and  indisputable  account  of  certain 
movements.  In  this  respect  it  is  better  than  bare  listening.  But  it 
does  not  record  speech  rhythms. 

Taps  or  other  voluntary  muscular  movements  which  are  sup- 
posed to  fall  upon  the  arsis  of  a  verse  foot  or  upon  any  designated 
accent  are  marked  on  the  drum  by  direct  lever,  by  pneumatic  trans- 
mission, or  by  electric  connection.*^    It  may  be  true  as  Briicke*  claims 

'Sweet,  H.,  "History  of  English  Sounds,"  1888. 
•Lanier,  S.,  "The  Science  of  English  Verse,"  1880. 

*Wallin,  Yale  Studies,  9,  1904;  Scripture,  E.  W.,  "Elements  of  Experi- 
mental Phonetics,"  1902. 

^  Either  a  signal  magnet  or  the  well-known  "  spark  method  "  may  be  used. 
• "  Die  physiologische  Grundlagen  der  neuhochdeutschen  Verkunst,"  1871. 
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that  such  a  movement  is  coordinate  with  the  vocal  stress  and  not 
subordinate  to  it.  But  his  attempt  at  finding  a  constant  error  which 
might  be  eliminated  was  doomed  to  failure  as  has  been  abundantly 
shown  by  subsequent  experiments  in  which  this  method  was  com- 
bined with  the  graphic  under  the  most  favorable  conditions. 
Miyake^  found  that  the  spark  set  oflf  by  a  tap  movement  might  be 
located  at  widely  diflferent  points  in  the  voice  curve  under  different 
conditions.  Experiments  of  my  own  both  by  the  spark  method  and 
with  a  pneumatic  device  for  recording  the  taps  show  the  same 
irregularities.  No  constant  error  was  observable,  the  taps  preced- 
ing or  following  the  syllable  with  which  they  belonged.  This  is  to 
be  expected  with  motor  functions  so  little  connected  as  those  of 
speech  and  hand  movements. 

In  part  the  disparity  found  between  a  tapped  and  a  voice 
record  is  accounted  for  by  the  fact  that  we  are  in  the  habit  of 
tapping  out  rhythms  with  the  hand  or  by  nodding  the  head,  etc., 
without  regard  to  other  rhythmic  impressions.  Most  people  have 
such  motor  rhythm  habits  well  developed,  as  is  abundantly  testified 
to  by  the  common  observation  of  people  as  they  **drum  with  their 
fingers''  abstractedly.  Such  a  habit  being  well  established  it  be- 
comes difficult  to  institute  a  controlled  rhythmic  movement  of  the 
same  muscles,  for  they  tend  to  relapse  into  the  habitual  movement. 
The  tapping  rhythm  under  such  circumstances  is  likely  to  go  on 
without  respect  to  the  voice  rhythm.  At  any  rate  it  is  not  to  be 
expected  that  it  will  adequately  represent  the  latter. 

On  the  other  hand  the  claim  is  justly  made®  that  the  tapped 
rhythm,  which  is  remarkably  regular  and  probably  very  nearly 
automatic,  exercises  a  considerable  control  over  vocal  expression. 
The  tapping  thus  becomes  an  objective  control  like  an  instrumental 
accompaniment  and  the  proper  voice  rhythm  is  made  unduly  regular 
in  obedience  to  this  control,  thereby  losing  its  peculiar  character- 
istics. Whether  it  is  possible  for  a  practised  experimenter  to  avoid 
this  difficulty  by  careful  attention  need  not  be  discussed  here.  There 
is  certainly  no  way  of  determining  whether  the  internal  coordina- 
tion is  regular  in  the  first  place,  and  still  less  is  there  any  objective 
measure  of  the  control  exercised  over  the  voice  rhythm  by  the 
tapping  movements. 

When  the  object,  however,  is  to  examine  the  mechanical  scansion 
of  verses°  the  tapping  method  can  not  be  objected  to  since  extreme 

'Miyake,  Studies  from  the  Yale  Psychol  Laboratory,  10,  1902. 
"  Wall  in,  op.  cit. 

•Hurst  and  McKay,  University  of  Toronto  l^tudies.  Psychol,  Series,  1, 
1900. 
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re^larity  is  a  desideratum  in  mechanical  scansion  and  beat- 
ing time  contributes  directly  to  this  end.  I  must  confess,  however, 
that  I  fail  to  see  what  is  to  be  gained  for  the  study  of  verse  by  an 
examination  of  strictly  scanned  rhythms.  They  do  not  represent 
any  normal  rhythmical  phenomenon  of  speech.  On  the  other  hand 
they  do  not  have  the  characteristics  of  freely  tapped  rhythms. 

The  latter  are  highly  significant  in  the  study  of  rhythms  and 
nothing  which  has  been  said  above  is  intended  as  derogatory  of  the 
study  of  them.^®  Such  pure  motor  rhythms,  devoid  as  they  are  of 
ideatonal  content,  come  nearer  perhaps  than  any  other  one  set  of 
phenomena  to  giving  a  reliable  instance  of  pure  rhythm.^^  A 
rhythm,  however,  which  is  produced  by  a  set  of  movements  not 
directly  concerned  in  the  production  of  speech  sounds  has  cor- 
respondingly no  direct  connection  with  the  rhythm  of  those  sounds. 
The  two  things  are  irrelevant  to  each  other.  And  desirable  as  it 
is  to  know  all  about  the  diflferent  forms  of  rhythmical  expression, 
those  of  the  hand  as  well  as  those  of  the  voice,  nothing  can  be 
gained  and  all  is  risked  by  assuming  that  the  one  can  be  substituted 
for  the  other. 

(d)  Reaction  Methods 

Taps  may  be  made  by  an  observer  in  response  to  accents  which 
he  hears  in  a  series  of  sounds.  When  such  a  procedure  is  adopted 
all  the  previous  diflSculties  are  complicated  by  the  addition  of  those 
peculiar  to  the  reaction  time  experiment.  The  most  serious  ob- 
jection to  the  application  of  the  reaction  method  in  the  case  of  a 
series  of  rhythmical  sounds  is  that  expectation  enters  in  an  extreme 
degree ;  and  there  is  no  way  of  discovering  whether  the  observer  is 
really  reacting  to  what  accents  he  hears  or  merely  recording  the 
beat  of  a  rhythmical  series  of  his  own.^^ 

When  the  sounds  vary  considerably  in  intensity  and  energy  as 
they  do  in  speech  there  is  no  way  of  ascertaining  the  effect  of  those 
variations  upon  the  reaction  time.  The  expectation  is  that  the 
reaction  time  will  be  shorter  for  the  more  intense  sounda^*  but  no 
very  close  correction  can  be  made  with  the  data  at  hand  in  such  an 
experiment.  The  occurrence  of  the  sounds  being  quite  irregular 
and  each  preceding  sound  serving  as  a  signal  for  the  succeeding 

"McDougall,  R.,  Psychol,  Rev,  Mon,  Sup,,  Vol.  IV. 

"  Compare  Meumann's  discussion  of  the  effect  of  content  or  meaning  upon 
rhythms,  Philos,  Studien,  10,  393,  1894. 

"Compare,  for  instance,  the  anticipatory  reactions  in  the  ordinary  "com- 
plication experiment." 

"  Froeberg,  "  The  Relation  of  the  Magnitude  of  Stimulus  to  the  Time  of 
Reaction,"  these  Archives,  No.  8,  1907. 
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one  complicates  the  situation  very  seriously  and  inevitably  leads  to 
great  variability  in  the  reaction  times. 

In  point  of  fact  this  method  when  applied  to  actual  verses  is 
only  a  better  form  of  the  method  of  observation  with  which  this  kind 
of  study  began.  In  that  it  supplies  an  accurate  measure  of  the 
variability  of  the  observations  it  has  certain  advantages.^^  But 
what  it  gains  in  mathematical  accuracy  it  loses  in  psychological 
reliability  through  the  interference  of  the  observer's  own  rhythmical 
tendencies  as  an  indeterminate  factor.^*^ 

(e)  Determination  of  Subjective  Rhythms 

If,  however,  the  object  of  an  experimenter  is  to  ascertain  these 
very  rhythmical  tendencies  of  his  subject  he  is  abundantly  justified 
in  the  use  of  a  reaction  method.^*  It  should  be  understood,  however, 
at  the  outset  that  the  determination  of  the  subjective  tendencies  of 
a  subject  to  rhythmize  certain  auditory,  or  other  sensations  has  little 
or  nothing  to  do  with  a  determination  of  that  subject's  rhythmic 
utterances  or  movements.  This  point  has  been  too  often  lost  sight 
of. 

Psychologically  it  makes  all  the  difference  whether  I  hear  the 
supposedly  similar  ticks  of  a  clock  and  group  them  into  some  such 
rhythmical  order  as  tick-tack,  tick-tack,  or  whether  on  the  other 
hand,  I  amuse  myself  by  repeating  the  words  tick,  tack  in  a  rhyth- 
mical series.  In  the  one  case  there  is  a  very  complicated  perceptive 
or  affective  situation  (psychologists  differ  in  their  analysis  of  it) 
where  the  observer  groups  certain  discrete  impressions  into  fresh 
units  supplied  by  himself  while  he  is  all  the  while  subject  to  illu- 
sions of  time  and  accent  which  make  him  feel  that  the  ticks  he  hears 
are  unequal  in  force  and  separated  by  unequal  intervals  of  time. 
That  is  the  one  case;  perceptive  or  affective,  or  both,  and  difiBcult 
of  analysis. 

In  the  other  case  I  simply  make  certain  movements  which  some 
one  else  or  I  myself  call  rhythmical.  In  this  case  all  we  need  to 
do  is  to  measure  those  movements.  We  do  not  have  to  enquire 
further  how  and  why  the  movements  give  rise  to  a  rhythmical  im- 
pression. It  is  sufficient  that  they  do  so.  To  refuse  to  recognize 
the  distinction  here  drawn  is  to  ignore  the  division  between  de- 

"  McDougall,  Psychol.  Rev.  Mon.  Sup.,  Vol.  IV.,  393,  1903. 

"There  is  a  distinct  difference  between  this  method — where  the  sound  is 
heard  and  reacted  to — and  the  tapping  method,  where  two  movements  are 
coordinated. 

'•Bolton,  T.  L.,  Amer.  Jour,  of  Psychol,  6,  1893;  Miner,  Psychol,  Rev, 
Mon.  Stip.,  No.  21,  1903;  Ebhardt,  K.,  Ztschr.  f,  Psychol,  IS,  1898;  Sticker, 
Ahh.  d.  Siichs.  Qes.  d.  Wiss.,  17,  1896. 
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ductive  and  analytic  methods  and  those  of  induction.  Any  single 
analysis  of  a  verse  of  poetry  as  regards  its  rhythmic  constituents 
involves  a  working  definition  of  rhythm  in  general  and  of  verse 
rhythms  in  particular.  One  can  not  analyze  these  things  without 
knowing  what  to  look  for. 

The  inductive  procedure  on  the  contrary  is  perfectly  direct  and 
requires  no  presuppositions  whatever.  If  the  sounds  of  a  verse  are 
admitted  to  be  rhythmical  nothing  remains  but  the  comparatively 
simple  description  of  what  the  verse  is  made  of  acoustically.  Ad- 
mittedly no  inductive  procedure  ever  gives  final  results  and  no  one 
denies  the  necessity  of  an  analysis  and  generalization  from  the  as- 
certained facts.  But  far  too  much  effort  has  been  wasted  on  vain 
attempts  to  analyze  verse  without  any  facts  at  all  or  with  the  most 
loose  and  inaccurate  observations.  Such  analyses  are  bound  to  fail, 
and  it  is  no  wonder  that  the  theory  of  versification  is  burdened  with 
a  mass  of  contradictory  and  ill-grounded  generalization.  For  the 
most  part  such  generalizations  rest  on  individual  observation  and 
more  or  less  chimerical  theories  of  the  nature  of  rhythm  and  time. 
The  accurate  records  of  concrete  instances  of  rhythmical  verses  are 
so  few  as  to  be  utterly  lost  in  the  verbiage  of  the  philologists  and 
metrists. 

(/)  Experimental  Method 

The  method  of  the  experimental  psychologist  with  its  peculiar 
excellencies  also  has  its  own  defects  like  all  the  other  methods.  The 
psychologist  may  indeed  feel  envious  at  times  of  the  rapidity  and 
seeming  success  of  methods  more  systematic  and  theoretical  than  his. 
The  experimental  method  at  best  seems  to  be  all  too  slow  and  when 
one  must  carry  it  to  the  still  further  degree  of  considering  the 
human  elements  in  the  obscure  phenomena  the  restraint  becomes 
onerous.  None  the  less  the  demands  of  scientific  exactness  must 
be  met  sooner  or  later.  A  few  well  sifted  theories  may  endure  for 
a  long  time  but  all  at  last  will  be  brought  to  the  bar  of  human 
experience  and  made  to  give  an  account  of  themselves.  In  so  far 
as  the  method  of  psychology  is  first  of  all  that  of  determining  the 
characteristics  of  any  given  particular  human  experience  it  is  to 
psychology  and  psychologists  that  the  task  falls  of  examining  and 
criticizing  those  theories  which  pretend  to  formulate  any  given  set 
of  experiences  or  aspect  of  an  experienced^ 

"Experiments  which  have  to  do  with  the  esthetic  attitude  of  the  subject 
toward  a  rhythmical  series;  with  his  appreciation  of  rhythm;  his  ability  to 
discover  rhythm  in  a  regular  or  irregular  series;  or  with  his  reactions  to  sup- 
posedly rhythmical  situations  fall  without  the  scope  of  a  study  of  the  actual 
rhythmical  series.  Such  work  will  be  referred  to  in  these  pages  only  as  it  has 
suggested  and  led  up  to  more  strictly  empirical  methods. 
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The  experience  of  rhythm  is  one  of  those  which  can  profitably 
be  made  the  subject  of  theoretical  and  schematic  discussion  up  to  a 
certain  point.  Beyond  that  point  nothing  can  take  the  place  of  a 
sober  consideration  of  the  facts  experienced  and  the  resulting  ex- 
perience.  The  judgment  of  an  observer  is  final  upon  the  question 
of  the  existence  or  non-existence  of  a  rhythm,  just  as  it  is  final  on 
the  existence  of  any  other  phenomena  of  consciousness.  Whatever 
the  definition  of  rhythm,  the  occurrence  of  the  state  of  mind  can 
not  be  doubted.  Others  may  claim  that  there  are  rhythms  which 
go  on  unperceived  by  the  particular  observer  and  not  aflfecting 
him.  And  from  some  point  of  view  that  may  be  true.  But  the 
psychologist  is  only  concerned  with  a  rhythm  that  is  felt.  Here 
as  always  it  is  the  duty  of  the  psychologist  to  take  account  of  the 
positive  cases  irrespective  of  the  number  of  negative  cases.  The 
latter  may  be  made  use  of  under  particular  conditions  of  experi- 
mentation but  most  of  them  are  without  significance.  For  a  man 
who  has  had  one  vivid  hallucinatory  experience,  the  absence  of 
them  during  the  rest  of  his  life  is  irrelevant;  and  the  psychologist 
above  all,  is  concerned  with  the  particular  conditions  of  that  par- 
ticular  experience.  When  difference  tones  are  heard  with  two 
notes  of  a  certain  interval  or  when  colored  after-images  are  present 
for  some  time  after  looking  at  a  bright  white  light  it  is  the  posi- 
tive phenomena  which  are  made  the  object  of  investigation.  It 
matters  very  little  that  some  individuals  can  never  hear  such  dif- 
ference tones  or  that  most  of  us  live  through  similar  conditions  with 
respect  to  bright  lights  a  hundred  times  without  being  conscious 
of  the  after-images  which  a  little  attention  could  make  vivid.  The 
psychologist  can  do  nothing  with  difference  tones  and  after-images 
that  are  not  heard  and  seen.  His  business  has  to  do  with  the  phe- 
nomena that  are  heard  and  seen.  The  judgment  of  an  observer  is 
the  one  indispensable  requisite  for  the  pursuit  of  the  psychological 
method. 

So  it  is  with  the  case  of  rhythm.  Its  presence  must  be  recog- 
nized before  it  has  psychological  existence.  And,  on  the  other  hand, 
its  existence  can  not  be  denied  when  it  is  present  according  to  some 
one's  deliberate  judgment.  An  observer's  judgment  must  receive 
just  as  much  consideration  no  matter  how  divergent  it  may  be  from 
the  consensus  of  opinion  or  from  established  doctrine. 

In  questions  of  esthetic  appreciation  the  difference  is  most  strik- 
ing between  the  ordinary  unscientific  method  and  the  method  of 
psychology.  The  common  distinction  of  **good"  and  **bad''  taste  in 
matters  of  art  stands  in  direct  opposition  to  the  eminently  more  psy- 
chological dictum,  de  gnsHbus  non  disputandum.     The  conditions 
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under  which  esthetic  feelings  occur  can  be  defined  more  or  less 
accurately,  but  this  can  be  done  only  by  observing  actual  cases  of 
their  occurrence ;  never  by  laying  down  rules  about  what  ought  and 
what  ought  not  to  be  appreciated.  Such  rules  rest  on  a  considera- 
tion of  the  subject-matter.  The  only  valid  conclusions  rest  on  the 
description  of  phenomena  experienced. 

Rhythm  and  verse  are  so  closely  related  to  art  forms  that  their 
theory  has  been  exposed  to  much  the  same  abuses  as  the  theory  of 
the  corresponding  art  products.  When  poetry  is  defined  a  priori 
it  is  easy  to  go  on  to  a  definition  of  verse  in  the  same  way.  In  fact 
one  definition  demands  the  other  generally,  as  a  prop.  Verse  and 
verse  rhythm,  however,  can  not  be  defined  a  priori. 

Such  being  the  case,  the  psychologist  is  bound  to  seek  out  the 
actual  facts,  and  build  up  from  them  an  empirical  description  of 
the  phenomena.  Experimentation  is  the  method  which  the  scien- 
tifically minded  psychologist  adopts  to  secure  observations  as  free 
as  possible  from  error.  Fortunately  it  is  no  longer  necessary  to 
defend  experimentation  as  a  method  of  approaching  many  of  the 
questions  which  were  made  the  subject  of  uncontrolled  observation 
in  the  past.  It  is  suflScient  to  say  that  we  employ  experiments  be- 
cause only  by  so  doing  is  it  possible  to  secure  measurements  under 
conditions  permitting  of  repetition  at  unll.  The  extension  of  this 
method  to  the  study  of  verse  is  justified,  therefore,  by  the  failure  of 
any  other  method  to  maintain  those  two  requisites  of  scientific 
exactness. 


CHAPTER   II 

Graphic  Method  and  Mechanical  Aids 

Once  granted  that  there  is  profit  in  experimentally  analyzing 
verse  with  regard  to  its  sounds  apart  from  its  sense,  the  question 
arises  how  mechanical  means  can  be  adapted  to  the  purpose,  thereby 
eliminating  the  illusions  and  errors  of  observation  to  which  unaided 
human  ears  are  liable.  Attempts  to  record  the  voice  automatically 
in  such  a  way  that  the  record  can  be  subsequently  studied  at  leisure 
have  been  numberless.  Many  have  failed,  others  have  had  a  certain 
measure  of  success.  But  in  so  far  as  they  are  all  attempts  to  trans- 
late the  temporal  sound  series  into  a  visible  record  in  space  they 
fall  under  what  has  come  to  be  known  as  the  ''graphic  method." 
The  name  ''graphic  method"  is  applied  to  two  very  different  things. 
So  far  as  it  refers  to  graphic  methods  of  presenting  quantitative 
facts  in  the  form  of  plots  and  various  kinds  of  graphs  it  does  not 
concern  us  at  the  moment.  More  strictly  the  term  is  applied  to  any 
kind  of  direct  registration  upon  paper  or  a  similar  surface  by  a 
stylus  or  pen.  The  facts  which  are  registered  in  this  way  include 
changes  of  temperature;  time  series;  the  velocity  and  force  of 
movement  both  of  bodies  and  muscles;  the  pressure  of  gases  and 
liquids;  wave  movements  in  various  media;  and  a  great  number  of 
physiological  cycles  such  as  respiration,  pulse,  etc.  Under  regiistra- 
tion  of  waves  of  course  comes  sound  registration.  Another  very 
interesting  field  is  that  of  stroboscopic  photography.  Ordinary 
photography  would  not  be  classed  as  a  graphic  method,  but  it  is 
often  of  great  assistance  as  a  secondary  aid  in  the  application  of 
the  method  proper.  No  mere  record  of  a  static  fact  is  included  in 
the  scope  of  the  graphic  method.  It  applies  only  to  the  registra- 
tion of  changes  or  movements  of  some  kind. 

The  earliest  application  was  in  the  registration  of  meteoroloffical 
data,  and  in  that  field  its  successful  employment  has  gradually 
spread  until  at  the  present  time  almost  all  scientific  measurements 
of  these  facts  are  made  automatically.  In  the  Weather  Bureau 
stations  for  instance  measurements  of  temperature,  barometric  pres- 
sure, wind  velocity  and  humidity  are  seldom  or  never  read  directly 
from  the  instruments.  In  fact  many  of  the  instruments  do  not 
permit  of  direct  reading.  Nevertheless  the  measurements  obtained 
are  even  more  accurate  than  the  most  careful  direct  reading.  One 
of  the  most  interesting  examples  of  this  type  of  graphic  record  is 
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the  seismograph  in  its  diflferent  forms,  serving  to  record  the  ampli- 
tude and  directions  of  tremors  in  the  earth's  crust. 

The  graphic  method  was  applied  to  meteorology  before  the 
middle  of  the  eighteenth  century,  particularly  in  the  form  of  curves 
for  temperature  and  wind  pressure  recorded  on  a  continuous  roll  of 
paper  (le  Marquis  d'Ous-en-Bray  1734),  or  on  smoked  paper 
(Rutherford  1774). 

Next  to  the  invention  of  the  method  itself  in  importance  stands 
the  control  of  it  by  the  introduction  of  a  time  record  on  the  same 
sheet.  When  the  revolution  of  the  clock  or  other  mechanism  com- 
monly used  is  perfectly  regular  the  time  can  be  read  oflf  from  the 
space  between  any  two  marks  of  the  pen  upon  the  paper;  but  it 
is  generally  safer  to  make  use  of  a  distinct  time  record  writing  a 
line  along  beside  the  others  which  are  being  made.  Without  such 
a  time  record  the  apparatus  is,  technically  speaking  ** uncontrolled." 
For  this  indispensible  contribution  we  are  indebted  to  Thos.  Young 
who  employed  the  oscillations  of  a  simple  vibrating  reed.  Duhamel 
replaced  this  by  a  tuning  fork,  and  later  Helmholtz,  Regnault  and 
Foucault  introduced  the  electrically  controlled  tuning  fork;  and 
finally  Marcel  Deprez  developed  the  ** signal  magnet,*'  which  has 
become  one  of  the  indispensable  accessories  of  the  modem  laboratory. 
James  Watt  used  the  graphic  method  to  record  steam  pressure  and 
its  employment  in  the  physical  sciences  has  steadily  extended  in 
scope.  The  Ludwig  kymograph  (not  the  drum  alone)  was  invented 
in  1847.  The  principle  was  applied  by  Volkmann,  Helmholtz, 
Vierordt,  and  others  in  Germany,  to  the  registration  of  the  heart 
beat,  respiration,  and  muscle  action.  In  1857  Vierordt  and  Tubin- 
gen announced  the  sphygmograph,  and  it  was  this  that  interested 
the  Frenchman,  Marey  in  the  possibilities  of  such  registration.  To 
him  we  owe  much  of  the  later  development  of  precise  methods  not 
only  in  application  to  physiological  problems  but  to  nearly  every 
field  of  experimental  investigation.  Thanks  to  his  ceaseless  devo- 
tion  the  method  is  now  available  not  only  for  the  recording  and 
presenting  of  facts  in  a  compact  and  convincing  form  but  for  the 
recording  of  many  facts  too  minute  or  too  ephemeral  for  direct 
observation.  In  Marey 's  hands  a  registering  instrument  is  trans- 
formed into  an  instrument  of  precision,  an  indispensable  tool. 

In  no  one  field  has  the  graphic  method  afforded  such  diverse 
applications  as  in  the  recording  of  sound.  The  manometric  flame 
makes  it  possible  to  analyze  all  the  most  complex  compound  musical 
notes  and  on  the  other  hand  the  phonograph  makes  it  possible  to 
reproduce  sounds  of  all  sorts  with  extreme  accuracy.  The  one 
method  makes  possible  an  accurate  science  of  acoustics;  the  other 
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not  only  seems  to  give  pleasure  to  great  numbers  of  people  but  is 
a  tremendous  aid  in  the  study  of  phonetics.  Neither  of  the  methods, 
however,  is  strictly  in  line  with  the  classical  form  of  the  graphic 
method.  Scripture^  and  others*  have  used  a  curve  taken  from  the 
recording  part  of  the  phonograph  and  have  studied  this  as  a  record 
of  the  sounds  which  can  be  reproduced  from  it.  Such  a  record 
w^hether  taken  on  a  revolving  disk  as  in  the  gramophone  or  cut  out 
from  the  wax  surface  of  a  cylinder  as  in  the  Edison  phonograph 
is  a  genuine  graphic  record.  Such  records  can  be  studied,  however, 
only  with  the  microscope  or  after  great  expense  of  time  in  enlarg- 
ing according  to  the  method  proposed  by  Scripture  and  to  some 
extent  carried  out  by  him.  Such  work  is  more  valuable  for  detail 
of  sounds  than  for  the  longer  stretches  of  connected  discourse. 

As  early  as  1856  an  attempt  was  made  to  construct  a  recording 
device  for  speech  imitating  the  arrangement  of  the  ear.  This  is  the 
artificial  ear  or  phonautograph  of  Scott.*  Such  an  instrument  con- 
sists essentially  oif  a  receiving  horn  and  a  diaphragm  of  some  sort 
which  actuates  a  lever  writing  on  some  surface.  Various  develop- 
ments along  this  line  are  chronicled  by  Scripture  in  his  **  Elements 
of  Experimental  Phonetics."*  The  friction  of  the  lever  attach- 
ment can  be  got  rid  of  by  substituting  an  electrical  contact  as  in 
the  ** voice  key"  of  Cattell"  and  Scripture.*  A  more  elaborate  form 
of  the  same  device  is  found  in  Rousselot's  electric  recorder.'' 

All  the  instruments  of  this  class  show  the  same  limitations  that 
were  spoken  of  in  the  case  of  the  manometric  flame  and  photo- 
graphic methods;  namely,  that  the  record  is  limited  to  only  com- 
paratively pure  sounds  or  notes.  The  more  complex  or  obscure 
sounds  are  not  at  all  adequately  represented.  Increased  perfec- 
tion of  the  mechanism  gives  more  and  more  detail  in  regard  to  the 
shape  and  amplitude  of  the  sound  waves,  but  the  piling  up  of  such 
an  amount  of  detail  soon  makes  it  quite  impossible  to  interpret  such 
records  with  profit.  The  phonograph  record  is  the  only  one  of  all 
the  devices  so  far  mentioned  which  is  adapted  to  record  long 
stretches  of  continuous  speech  and  the  interpretation  of  its  record 
as  Scripture  himself  admits^  is  such  a  problem  in  itself  that  there 

^"Elements  of  Experimental  Phonetics/'  also  YaJe  Studies,  10,   1902. 
-Marichelle,  "La   parole  d'apr^s  le  trac6  phonographique " ;   Lloyd,  Jour. 
Anat.  and  Phyaiol.,  31,  1807;  Marage,  UAnn^e  psychologique,  5,  1899. 

'  Inscription  automatique  des  sons  de  Tair  au  moyen  d'une  oreille  artifieielle. 

*iSee  also  Yale  Studies,  7,  1899. 

» Phil.  Studien,  3,  188G. 

M'(i7c  Studies,  3,  180.5. 

'  "  Princii)es  de  la  plion^tique  exp^rimentale,"  1902. 

■ "  Researches  in  Experimental  Phonetics,"  1906,  p.  4. 
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is  little  hope  of  ever  accumulating  any  quantity  of  experimental 
data  in  regard  to  verse  in  this  way. 

The  disciples  of  Marey  and  particularly  the  investigators  under 
Rousselot  in  his  laboratory  of  the  College  de  France  have  come 
nearer  than  any  one  else  to  solving  the  difficulties  of  obtaining  a 
legible  record  of  speech  sounds.  Their  methods  include  the  record- 
ing of  lip  and  tongue  and  palate  movements  by  direct  levers  writing 
on  a  revolving  drum  or  by  electrical  keys  connecting  with  such 
levers.  More  adequate  are  the  various  devices  for  recording  the 
vibrations  arising  from  the  larynx,  either  by  a  pneumatic  bulb 
placed  against  the  throat  and  connecting  with  a  Marey  tambour 
writing  upon  a  drum,  or  by  a  device  placed  in  the  same  way  but 
equipped  with  a  mechanism  for  interrupting  an  electric  current.* 
Most  successful  of  all,  however,  is  the  device  now  in  general  use  in 
slightly  different  forms  in  many  laboratories  by  which  the  breath 
as  well  as  the  sounds  of  the  speaker's  voice  are  conducted  directly 
to  a  tambour  and  there  recorded  on  the  drum. 

The  apparatus  which  I  have  used  for  the  analysis  of  verse  does 
not  differ  in  any  essential  from  that  described  independently  by 
Rousselot  and  Meyer.^®  For  the  particular  purpose  of  noting 
rhythmic  time  values  less  delicate  records  are  required  than  for  the 
study  of  strictly  phonetic  questions.  Accordingly  the  apparatus  is 
made  as  simple  as  possible  and  the  rate  of  revolution  of  the  drum 
reduced  to  about  2  cm.  per  second  so  that  the  labor  of  measuring 
the  time  is  reduced  to  a  minimum;  the  error  of  measurement  is 
still  less  than  one  one-hundredth  second  for  each  syllable  measured. 

In  my  experiments  on  nonsense  syllables  the  time  line  was  given 
by  a  clock  beating  seconds;  the  records  were  then  measured  (under 
a  lens  of  course)  in  linear  units  and  the  proper  corrections  made  for 
the  speed  of  the  drum  during  any  given  second. 

In  the  later  experiments  with  actual  verse  a  vibrating  reed  was 
employed  to  interrupt  the  electric  current  through  a  time  marker 
every  tenth  of  a  second.  The  rate  of  the  reed  was  kept  constant  and 
frequently  tested  by  means  of  an  electric  counter  inserted  in  the 
circuit.  The  rate  of  the  reed  was  never  so  much  as  one  tenth 
second  fast  or  slow  per  minute;  that  is,  it  did  not  gain  or  lose  as 
much  as  one  count  in  six  hundred.  The  regularity  of  the  time  line 
thus  obtained  was  equal  as  nearly  as  could  be  measured  to  that  of 
a  100  vs.  Koenig  tuning  fork  writing  a  parallel  record. 

The  essential  part  of  the  apparatus  is  the  tambour.     It  should 

•  For  a  fuller  account  of  these  devices  see  Marey,  "  La  methode  graphique," 
1878,  p.  309;  Rousselot,  La  parole,  N.  S.,  1,  1,  401,  769,  1899. 
"  Die  neueren  Sprachen,  6,  123,  1899. 
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be  as  small  and  light  as  possible  to  insure  the  greatest  liveliness  and 
responsiveness.  When  sufficient  vivacity  is  obtained  not  so  much 
attention  need  be  paid  to  the  accuracy  with  which  the  details  of 
wave  forms  are  recorded.  The  principal  result  to  be  arrived  at  is 
a  quick  response  to  the  first  breath  and  to  the  first  vowel  vibra- 
tion and  a  comparatively  quick  return  to  rest  when  the  breath  and 
sound  cease.  If  the  initial  and  final  points  of  a  sound  are  well 
defined  further  details  can  be  dispensed  with  so  far  as  the  rhythm 
is  concerned.  In  the  interest  of  lively  action  I  have  found  it  best 
to  use  a  very  small  capsule  for  the  tambour  (not  over  f-inch  in 
diameter  and  J-inch  in  depth)  covered  by  a  rubber  membrane  of 
fairly  light  weight  pretty  well  stretched.  The  writing  lever  is  of 
split  bamboo  about  five  inches  long,  one  and  one  half  inches  being 
in  the  short  arm.  It  rests  in  a  delicate  cone  bearing,  and  is  at- 
tached firmly  by  sealing  wax  to  a  small  rest  (this  can  be  made  of 
paper)  gummed  to  the  rubber  membrane.  A  gelatine  writing  tip 
can  be  used  but  there  is  less  friction  if  the  bamboo  is  whittled  to  a 
very  fine  point  and  no  other  tip  added.  A  certain  loss  in  delicacy 
of  tracing  is  more  than  made  up  for  by  relieving  the  lever  of  any 
unnecessary  weight  and  at  the  same  time  increasing  the  smooth- 
ness of  the  tip. 

The  tube  for  admitting  the  air  to  the  tambour  can  as  well 
enter  at  the  side  as  the  base  of  the  drum,  and  when  particular 
attention  is  to  be  paid  to  vowel  vibrations  I  have  found  it  worth 
while  to  replace  the  solid  metal  base  of  the  drum  by  a  paper  or 
mica  diaphragm.  This  seems  to  act  as  a  resonator  opposite  the  rub- 
ber membrane  and  reinforces  the  vibrations  of  the  latter.  The 
vibrations  of  such  a  diaphragm  are  not,  however,  of  sufficient  ampli- 
tude to  make  an  independent  record. 

Unfortunately  our  knowledge  of  tambours  is  only  empirical  and 
of  several  which  appear  very  much  alike  perhaps  only  one  or  two 
will  give  good  records  of  sound  vibrations.  Fortunately,  however, 
tambours  of  various  sizes  and  proportions  can  be  constructed  and 
set  up  very  easily.  It  is  best  to  have  one  or  two  carefully  con- 
structed levers  with  a  fine  cone  bearing  arranged  on  a  sleeve  which 
can  be  slipped  onto  any  tambour  stem.  It  is  also  convenient  to  be 
able  to  slip  off  the  bearing  and  lever  when  replacing  the  rubber  mem- 
brane. The  latter  can  then  be  adjusted  without  fear  of  injuring  the 
delicate  lever  and  bearing.  A  fine  insulated  copper  wire  is  much 
more  convenient  than  the  usual  thread  for  fastening  the  membrane. 

The  tube  connecting  mouthpiece  and  tambour  should  be  as  short 
as  the  convenient  placing  of  the  speaker  will  permit.  A  few  inches 
more  or  less  does  not,  however,  interfere  appreciably  with  the  good 
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action  of  the  recording  apparatus.  I  use  a  tube  of  rather  stiflf 
rubber  about  two  feet  long  and  of  ^-inch  bore. 

When  one  subject  is  to  serve  for  any  number  of  readings  it  is 
\vell  to  make  a  plaster  cast  of  the  lower  part  of  his  face,  hollow  it 
out  around  the  lips,  and  use  it  as  a  mouthpiece.  Such  a  mask 
requires  a  minimum  of  attention  from  the  reader  during  the  experi- 
ment. He  simply  holds  it  easily  against  his  face  with  his  left  hand. 
The  mask,  however,  is  by  no  means  necessary.  Precisely  the  same 
results  can  be  had  by  using  a  rubber  bell  of  about  three  inches 
diameter  such  aa  can  be  obtained  in  various  sizes  in  hardware  stores 
for  the  use  of  plumbers.  The  only  diflBculty  here  is  that  the  bell 
must  be  pressed  by  the  hand  into  the  right  shape  to  fit  the  face ;  most 
readers  require  a  little  practise  before  they  learn  to  handle  it  just 
right. 

This  apparatus  is  so  simple,  so  easy  to  construct  and  use  that 
one  is  surprised  that  it  has  not  come  into  more  general  use  in  the 
study  of  various  speech  curves.  It  is  as  accurate  as  is  desirable  for 
most  phonetic  points  and  its  operation  requires  no  elaborate  labora- 
tory equipment  nor  special  technique.  The  curves  themselves  are 
comparatively  easy  to  decipher  and  the  labor  involved  in  this  part 
of  the  work  though  great  is  far  less  than  that  of  deciphering 
phonograph  records.  Any  loss  in  accuracy  in  the  curve  as  compared 
with  that  of  the  phonograph  is  more  than  made  up  by  the  saving 
of  time  whereby  it  becomes  possible  to  multiply  the  number  of 
records  and  so  correct  the  error  of  any  one.  Moreover  it  is  very 
desirable  to  have  a  considerable  number  of  records  of  the  same  words 
for  purposes  of  comparison  and  the  detection  of  chance  variations 
in  the  enunciation.  No  other  apparatus  yields  so  many  records 
taken,  if  desirable,  at  one  sitting  and  under  the  same  conditions. 
The  interpretation  of  the  curves  is  as  stated  above  comparatively 
simple.  It  is,  of  course,  laborious  as  in  all  exact  measurement. 
Practise  is  required  in  deciphering  the  records  of  each  particular 
speaker,  for  each  one  has  his  characteristic  tricks  of  enunciation 
which  give  a  distinctive  form  to  the  curve.  Each  consonant  and 
consonant  group  has  a  peculiar  record  due  to  the  way  in  which  the 
breath  is  controlled  in  uttering  it.  Thus  p,  t,  d,  k,  show  a  sharp 
vertical  rise  of  the  lever  and  a  quick  recovery,  s  and  ch  a  gradual 
rise  and  irregular  fall.  The  more  distinctive  of  these  consonants 
serve  as  landmarks  in  the  record,  and  they  must  be  learned  for  each 
speaker.  The  records  can  be  read  off  roughly  with  the  naked  eye, 
but  for  the  finer  points  some  magnification  is  necessary.  A  watch 
maker's  lens  of  about  three  inches  focal  length  is  all  that  is  re- 
quired. 
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Since  some  sounds  make  a  sharper  and  more  characteristic  cur 
than  others  it  is  desirable  to  choose  such  phrases  for  study  as  coi 
tain  those  distinctive  sounds  at  the  critical  points  of  the  recor 
Selection  of  phrases  on  such  a  basis  does  not  prejudice  the  result  i 
any  way,  and  at  the  same  time  forestalls  any  question  about  tl 
accuracy  of  the  curve  as  a  record  of  the  sounds.  When  there  is  ar 
difficulty  about  interpreting  the  records  the  process  is  facilitated  I 
getting  the  reader  to  speak  the  separate  syllables  or  words  involve 
singly,  or  in  small  groups,  which  can  be  identified  at  once  ai 
marked  in  the  record.  A  comparison  of  the  whole  record  with  the 
fragments  will  often  clear  up  obscure  points  in  the  former. 

No  doubt  this  simple  apparatus  is  capable  of  improvement,  b 
at  present  it  is  the  best  there  is  for  the  purpose  and  in  most  respe<! 
it  is  entirely  satisfactory. 


CHAPTER   III 

Pitch,  Intensity  and  Duration 

PuYsiCALLY  considered  speech  sounds  are  characterized  by  in- 
tensity, duration  and  pitch  or  quality.  But  not  all  of  these  are  of 
equal  importance  for  verse.  The  present  enquiry  is  concerned  with 
one  of  the^e  factors  only,  that  of  duration.  The  others  can  not  be 
left  out  of  account  for  they  enter  intimately  into  the  time  relations 
of  every  rhythm;  but  the  method  as  well  as  the  purposes  which  I 
have  outlined  prevents  a  complete  consideration  of  anything  but  the 
time  relations.  Graphic  experimentation  yields  but  poor  results  for 
instance,  in  the  case  of  pitch.  The  pitch  of  clear  vowels  when  sung 
can  be  measured,^  but  the  vowels  of  ordinary  speech  are  so  complex 
that  no  system  of  analysis  into  simple  components  is  adequate.  In 
fact  the  work  of  Scripture*  seems  to  prove  beyond  question  that 
vowel  sounds  do  not  consist  of  a  fundamental  combined  with  resonat- 
ing partials  but  that  they  are  unstable  compounds  constantly  chang- 
ing in  wave  form.  If  this  is  so  the  task  of  measuring  them  is 
rendered  doubly  diflScult.  Despite  Scripture's*  elaborate  arguments 
I  do  not  believe  that  we  can  trust  the  gramophone  curve  as  being 
more  accurate  than  the  reproduced  sound.  Just  the  opposite  may  be 
true.  But  the  phonograph  or  the  gramophone  record  is  the  most 
refined  graphic  record  we  have  at  the  present  time.  In  view  of  all 
this  we  are  compelled  to  neglect  for  the  present  the  pitch  and 
quality  aspects  of  speech  sounds.  Any  complete  account  of  speech 
rhythm  must  take  them  into  account.  They  are  perhaps  more  im- 
portant for  prose  rh3rthm  (if  there  is  such  a  thing)*  than  for 
verse. 

The  connection  between  intensity  and  duration  is  ahnost  as  hard 
to  discover  experimentally  but  it  occupies  such  a  large  place  in  the 
historical  theories  of  verse  rh3rthm  that  it  must  be  examined  more 
closely.  We  are  confronted  here  with  exceptional  difficulties,"  such 
that  present  day  physics,  phonetics  and  psychology  are  helpless 
before  them.    Linguistic  sounds  are  myriad,  each  differing  from 

'  Cameron,  Psychol.  Rev,  Mon.  8up.,  No.  34,  1907. 

*  "  Researches  in  Experimental  Phonetics,"  p.  146. 
*Ihid.,  p.  17. 

*  Lipsky,  "  Rhythm  as  a  Distinguishing  Characteristic  of  Prose  Style," 
these  Archives,  No.  4,  1907. 

"  Bourdon,  UAnn6e  psychologique,  1897,  p.  372. 

21 


22  TIME   IN    EN0LI8H    VER8E   RHYTHM 

every  other  in  loudness  and  quality.  If  we  limit  ourselves  to  the 
English  language  alone  we  find  that  every  individual  who  uses  it  has 
his  own  private  way  of  modulating,  accentuating,  and  toning  it,  and 
so  characteristically  that  we  are  less  likely  to  confuse  two  human 
voices  than  we  are  two  human  faces. 

Now  it  is  possible  to  compare  the  physical  intensities  of  two 
sounds  of  the  same  wave-length  (pitch)  provided  they  have  the  same 
quality  (overtones  or  partials),  but  we  have  no  physical  measure- 
ment of  the  intensities  of  sound  diflfering  in  pitch  and  quality.  This 
being  the  situation,  how  hopeless  is  the  task  of  determining  the 
relative  intensity  of  sounds  which  differ  so  widely  in  quality  as,  for 
instance,  the  sounds  of  the  words  it  and  aim.  Moreover  in  speech 
we  have  practically  a  continuous  flow  of  sound,  and  the  determina- 
tion of  points  of  maximum  intensity  must  be  made  with  respect  to 
a  very  small  element  of  the  total  series,  not  with  respect  to  large 
masses  of  continuous  uniform  sound.  Even  if  we  had  a  means  of 
comparing  **it"  and  **aim"  taken  separately  and  as  units  little 
advance  would  have  been  made  toward  the  determination  of  the 
points  of  greatest  intensity  and  the  comparison  of  such  intensities 
when  found  in  a  sentence  like  **it  is  my  aim."  And  even  suppos- 
ing that  some  way  were  found  of  comparing  these  intensities  for  a 
given  speaker  at  a  given  time  there  is  no  way  of  applying  an  abso- 
lute standard  by  which  these  accents  could  be  compared  with  others. 
There  is  no  such  thing  as  a  standard  of  intensity  of  sound. 

If  on  the  other  hand  we  abandon  the  attempt  to  obtain  objective 
spatial  measurements  of  the  accents  in  speech  and  fall  back  upon  our 
psychological  perception  of  their  presence  and  relative  magnitude 
new  difficulties  arise  to  confront  us.  Let  any  one  say  to  himself 
the  two  words  iooty  and  hoot  and  try  to  discover  the  location  with 
any  exactness  of  the  greatest  stress  within  either  word.  Does  it  lie 
just  as  the  6  bursts  into  the  vowel  in  iooty,  or  in  the  long  oo  sound 
in  either  case?  If  the  observation  is  made  while  some  one  else 
pronounces  the  words  the  results  will  probably  be  different.  This 
is  a  hard  thing  to  do.  It  is  still  harder  to  draw  a  curve  representing 
the  rise  and  fall  of  the  stress  up  to  and  down  from  the  point  of 
greatest  intensity. 

All  this  is  supposing  that  the  stress  is  one  of  loudness  only.  But 
there  is  small  probability  that  it  is  so.  More  likely  the  accented 
syllable  is  also  prolonged  in  time  and  altered  in  pitch.  In  that 
ease  we  are  still  quite  well  able  to  tell  on  what  ** syllable'*  the  accent 
falls  but  further  than  that  our  ear  does  not  tell  much.* 

•The  application  of  the  tapping  method  (McDougall)  offers  a  possible 
solution.     If  a  pneumatic  system  is  used  for  recording  the  taps  it  is  possible  to 
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As  has  been  frequently  insisted  upon,  speech,  and  particularly 
rhythmical  speech  flows  almost  continuously.  Its  rhythm  is,  there- 
fore, more  like  that  of  a  singing  tea-kettle  or  humming  electric 
motor,  than  it  is  like  the  rhythm  of  a  metronome.  This  distinction 
can  not  be  too  much  emphasized.  The  investigation  of  rhythm  has 
been  confined  almost  exclusively  to  the  latter  type— the  type  made 
up  of  discrete  elements.  Perhaps  more  headway  would  have  been 
made  in  the  general  theory  if  the  type  which  arises  in  a  continuum 
had  received  more  attention.  A  word  of  caution  is  needed  against 
inferring  very  much  about  verse  rhythm,  which  is  of  this  continuous 
type,  from  experiments  in  tapping  and  listening  to  series  of  discrete 
sounds.     The  two  things  are  far  from  alike. 

The  reaction  method  of  study  is  found  in  its  least  objectionable 
form  when  the  reaction  is  made  to  a  qualitatively  distinct  member 
of  a  rhythmic  series  of  discrete  stimuli.  It  does  not  follow,  however, 
that  it  is  equally  applicable  in  the  case  of  a  continuous  flow  of 
sound.  Miyake^  found  that  the  stress  is  often  marked  by  a  tap 
before  the  beginning  of  a  sound.  I  have  found  the  same.  Briicke,* 
however,  found  that  the  taps  fell  within  or  near  the  end  of  an  initial 
vowel.  Meyer*  concludes  that  the  maximum  stress  falls,  with  the 
tap,  just  within  the  initial  consonant  sound  before  it  passes  into  the 
following  vowel.  He  assumes  perfect  coordination  of  tap  with  vocal 
stress.  These  contradictory  results  are  easily  understood  from  the 
point  of  view  of  the  difficulty  we  feel  in  locating  our  own  stress,  but 
that  the  stress  should  precede  the  sound  is  absurd  from  the  point 
of  view  of  one  who  listens  to  the  sounds.  .  ^ 

The  graphic  method  can  give  little  help  on  this  pomt.  A  glance 
at  one  of  the  accompanying  records  will  serve  to  indicate  its  short- 
comings. The  vowel*  sounds  are  indicated  by  a  low,  generally  flat, 
serrated  stretch ;  certain  of  the  more  explosive  consonants  by  a  sharp 
rise  and  a  more  or  less  gradual  fall  of  the  curve ;  the  nasals  by  nearly 
flat  stretches ;  sibilants  and  aspirates  by  a  comparatively  slow  upward 
movement.  It  may  be  possible  to  measure  roughly  the  intensity  of 
vowel  sounds  by  the  amplitude  of  the  vibrations  as  recorded.  Some 
consonants  would  be  measured  by  the  amount  of  breath  expelled; 
this  w^ould  not  apply  to  all  of  the  consonants  however.  In  any  event 
no  comparison  is  possible  between  vowels  and  consonants  as  regards 

record  their  intensity  as  well  as  the  interval  of  time  between  them.  Neverthe- 
less it  is  a  long  jump  to  the  intensity  of  a  sound  or  speech  movement  from  the 
intensity  of  a  tap  coordinated  with  it. 

^  Studies  from  the  Yale  Psychol.  Laboratory,  10,  45,  1902. 

• "  Die  physiol.  Grundlage  der  neuliochdeutschen  Verskunst,"  p.  24. 

•Die  neueren  Sprachen,  6,  122,  1899. 
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8tres8  nor  between  different  vowels.  It  is  even  donbtful  whether 
the  same  consonants  can  be  compared  with  each  other  in  view  of  the 
different  form  of  the  breath  curve  under  varying  stress. 

On  the  w^hole  I  think  it  sensible  frankly  to  admit  the  impossibility 
of  any  exact  analysis  of  verse  with  respect  to  either  londness  or 
intensity  in  the  more  psychologically  correct  connotation  which 
embraces  all  the  factors  that  give  a  stressed  syllable  weight  or  im- 
pressiveness.  We  can  determine  by  ear  roughly  the  syllable  stressed 
by  a  reader  and  I  have  simply  made  measurements  from  the  begin- 
ning of  one  such  syllable  to  the  beginning  of  the  next  on  the  assump- 
tion that  the  stress  wherever  it  lies  is  not  far  from  the  beginning  of 
the  syllable.  That  this  assumption  is  not  scientific  can  not  be 
denied.  The  result  is  that  what  I  shall  have  to  say  about  the  posi- 
tion of  the  stress  will  necessarily  lack  such  precision  as  is  aimed  at  in 
the  case  of  the  measurement  of  the  durations  and  proportions  of 
syllables. 

The  graphic  method  is  peculiarly  adapted  to  the  determination 
of  time  intervals,  hence  its  applicability  to  the  measurement  of  the 
duration  of  speech  sounds.  In  view  of  the  fact  that  our  interest  is 
primarily  in  the  time  relations  of  the  verses  which  are  to  be  studied 
the  results  which  our  method  yields  in  this  respect  more  than  com- 
pensate for  its  inadequacy  in  recording  pitch  and  intensity. 

Scripture*®  has  published  a  few  records  of  complete  verses  care- 
fully measured  off  from  enlarged  gramophone  records.  Such 
records  are  of  great  value  but  the  excessive  amount  of  time  and 
work  involved  in  obtaining  them  prohibits  their  employment  in  any 
great  number.  Stetson*^  also  publishes  measurements  from  one 
entire  stanza  of  verse.  Meyer**  has  measured  all  the  English  vowel 
sounds  stressed  and  unstressed,  and  many  of  the  consonants  in  words 
of  different  lengths  and  in  different  positions,  initial,  medial  and 
terminal.  II  is  records  are  taken  with  a  modification  of  the  pneu- 
matic voice  recorder  of  Rousselot,  but  invented  by  himself.  The 
instrument  is  like  that  used  in  the  present  investigation  except  that 
the  breath  is  allowed  to  escap)e  through  a  gap  which  is  left  between 
two  sections  of  the  connecting  tube."  The  records  obtained  are 
clear  and  the  time  values  given  for  the  different  letters  seem  to 

^'^  Yale  Studiesy  10;  **  Elements  of  Exp.  Phonetics";  "  Researches  in  Experi- 
mental Phonetics." 

"  Psychol.  Rev,  Mon,  Hup.,  Vol.  IV. 

"Skrifter  Kongl.  Humanistiska  Vetenskaps-Samfundet  Upsala,  8,  1903. 

"  The  advantage  of  allowing  free  egress  for  the  air  is  that  the  pen  recovers 
very  quickly  from  the  sharp  rise  due  to  an  explosive  consonant.  This  results 
in  a  more  jagged  curve  and  the  apparent  advantage  is,  in  my  opinion,  over- 
balanced by  the  loss  of  cliaracteristic  slopes. 
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be  accurate  to  at  least  one  one-hundredth  of  a  second.  Such  ac- 
curacy is  not  required  for  ordinary  rhythm  work. 

The  importance  of  having  actual  measurements  of  the  duration 
of  verse  sounds  will  be  realized  by  any  one  who  has  even  a  super- 
ficial acquaintance  with  the  long  arguments  of  the  metrists  on  the 
place  of  classical  or  quantitative  verse  in  English.  The  present 
investigation  was  undertaken  with  the  end  in  view  of  either  justify- 
ing one  or  the  other  of  the  prominent  views  of  theorists  on  this 
subject  or  else  of  dismissing  all  of  them  from  the  position  of  promi- 
nence which  they  now  occupy  in  the  discussion  of    verse  rhythm. 

Before  taking  up  the  actual  results  of  experiment  it  will  be  well 
to  review  some  of  the  more  important  theories  on  this  point  of 
the  importance  of  the  factor  of  duration. 


CHAPTER   IV 
Time  Relations  in  the  Theories  op  the  Metrists  and  Poets 

This  is  no  place  tx)  go  into  details  of  literary  disputes,  but  the 
opinions  of  some  of  the  best  writers  and  critics  of  verse  deserve 
notice  because  they  are  the  opinions  of  exceptional  observers;  and 
while  their  method  was  faulty  their  conclusions  are  often  deserving 
of  consideration. 

Verse,  says  Poe,  is  inferior  or  less  capable  music.  ''Verse  origi- 
nates in  the  human  enjoyment  of  equality,"  and  man  derives  enjoy- 
ment from  his  perception  of  equality.  A  hypothetical  history  of  the 
development  of  verse  would  begin  with  the  spondee,  **  words  of  two 
syllables  equally  accented."  This  becoming  monotonous  would  lead 
to  the  collection  **of  two  or  more  words  formed  each  of  two  syllables 
diflferently  accented  (that  is  to  say,  short  and  long)  but  having  the 
same  order  in  each  word— in  other  terms  of  collecting  two  or  more 
iambuses  or  two  or  more  trochees.  And  here  let  me  pause  to  assert 
that  more  pitiable  nonsense  has  been  written  on  this  topic  of  long 
and  short  syllables  than  on  any  other  subject  under  the  sun.  In 
general  a  syllable  is  long  or  short,  just  as  it  is  easy  or  diflScult  of 
enunciation.  The  natural  long  syllables  are  those  encumbered,  the 
natural  short  syllables  are  those  unencumbered,  with  consonants ;  all 
the  rest  is  mere  artificiality  and  jargon."  **0f  course  it  is  not  the 
vowel  that  is  long  but  the  syllable  of  which  the  vowel  is  a  part." 
**It  will  be  seen  that  the  length  of  a  syllable,  depending  on  the 
difficulty  or  facility  of  its  enunciation,  must  have  great  variety  in 
various  syllables;  but  for  purposes  of  verse  we  suppose  a  long 
syllable  equal  to  two  short  ones,  and  the  natural  deviations  from  this 
relativeness  we  correct  in  perusal.  The  more  closely  our  long 
syllables  approach  this  relation  with  our  short  ones  the  better, 
ceteris  paribus,  will  be  our  verse;  but  if  the  relation  does  not  exist  of 
itself  we  force  it  by  emphasis,  which  can,  of  course  make  any 
syllable  as  long  as  desired ;  or  by  an  effort  we  can  pronounce  with 
unnatural  brevity  a  syllable  that  is  not  too  long.  Accented  syllables 
are,  of  course,  always  long,  but  when  unencumbered  with  consonants 
must  be  classed  among  the  tinnaturally  long."  '*In  fine  every  long 
syllable  must  of  its  own  accord  occupy  in  its  utterance,  or  must  be 
made  to  occupy,  precisely  the  time  demanded  for  two  short  ones. 

26 
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The  only  exception  to  this  rule  is  found  in  the  caesura.  "^  A  very 
full  bibliography  of  the  ** pitiable  nonsense"  to  which  our  great 
American  poet  refers  can  now  be  found  in  Omond's  **  English 
Metrists."  Much  that  has  been  written  on  the  subject  is  certainly 
foolish;  yet  we  find  as  early  as  1776  that  Joshua  Steele  was  pro- 
posing* the  scansion  of  verse  by  musical  feet.  Poe's  proposal 
amounts  practically  to  the  same  thing  except  that  he  limits  his  verse 
to  notes  of  only  two  lengths.  The  real  diflference  between  this  and 
the  classical  notion  of  verse  is  important ;  for  the  Poe  theory,  which 
I  shall  hereafter  call  the  musical  theory,  starts  out  with  an  assump- 
tion of  equal  time  values  for  the  feet,  that  is,  for  the  rh3rthmic  units, 
in  the  verse.  The  theory  of  verse  descended  from  classical  times 
and  which  has  been  fighting  always  for  a  place  in  English  versifica- 
tion, did  not  go  beyond  a  statement  of  the  ratio  said  to  hold  between 
the  long  and  short  syllables  in  any  single  foot.  Both  the  classical 
theory  and  that  of  Poe  are  interesting  for  us  in  that  they  place  such 
great  stress  on  the  time  element  in  the  rhythm. 

Neither  Poe  nor  Lanier  whose  *' Science  of  English  Verse"  con- 
tains the  ablest  and  most  satisfactory  exposition  of  the  music  theory 
of  verse,  says  what  he  would  measure  as  the  length  of  a  foot  or 
syllable.  But,  as  they  do  not  provide  for  any  vacant  spaces  between 
their  syllables,  I  presume  that  they  would  measure  as  I  have  done 
from  the  beginning  of  one  syllable  to  the  beginning  of  the  next. 
This  is  what  we  do  in  music,  but  in  that  case  there  is  no  gap.  As  a 
rule  the  flow  of  the  voice  is  practically  continuous.  In  fact  it  is 
often  difficult  to  tell  where  to  dismember  two  syllables  and  in  such 
cases  the  experimenter  has  to  rely  on  his  ear  as  the  court  of  last 
resort.  In  some  words  like  ** porridge"  (Table  XIV.)  it  is  quite 
impossible  to  divide  the  syllables  and  I  have  had  to  measure  the  two 
syllables  together.' 

A  very  few  cases  of  actually  measured  verses  (see  tables)  are 
sufficient  to  show  the  artificiality  of  such  a  system  as  that  of  Lanier. 
So  far  as  the  equality  of  feet  and  the  equivalence  of  syllables  to 
musical  notes  is  concerned  his  theorizing  is  utterly  unwarranted. 
And  in  this  case  we  see  how  easy  it  is  for  a  serious  student  and  a 
good  poet  to  make  observations  about  time  values  which  bear  no 
faintest  resemblance  to  the  facts.  It  is  seldom  that  the. method  of 
mere  observation  and  of  introspection  can  be  so  plainly  convicted; 
yet  doubtless  many  of  our  ordinary  judgments  are  as  far  from  the 

'  All  from  the  first  few  pages  of  "  The  Rationale  of  Verse." 

'  **  Prosodia  Rationalis." 

*  Cf.  Meyer,  Die  neiieren  Sprachen,  6,  479,  1899. 
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truth  in  cases  where  there  is  no  way  of  securing  experimental 
evidence. 

One  of  the  more  recent  exponents  of  the  music  theory  is  Dabney.* 
Verse,  he  holds,  is  measured  by  accent  as  music  is  divided  into  feet 
of  equal  length.  **The  basic  principle  of  verse  is  time;  measure- 
ments of  time ;  uniform  measurements  of  time ;  which  measurements 
are  represented  by  uH>rds."  (p.  27).  Another  elaborate  treatise  is 
that  of  Raymond."  Rhythm  in  verse  according  to  him  is  "an  effect 
produced  by  a  consecutive  series  of  sounds,  or  multiples  of  sounds, 
which,  in  themselves,  may  be  varied  and  complex;  but  each  series 
of  which  is  of  like  duration"  (p.  53). 

But  for  Raymond  as  well  as  Dabney  accent  is  fundamental  in 
marking  off  the  measures.  Even  so  their  introspection  is  no  better 
than  Lanier's  for  our  figures  come  very  far  off  from  the  equalities 
upon  which  they  insist. 

Some  question  may  arise  at  this  point  about  the  marking  on  the 
graphic  record  of  the  point  of  accent.  It  is  doubtful  whether  such 
writers  as  Raymond  mean  the  beginning  of  the  accented  syllable  as 
the  point  of  greatest  stress  of  voice.  As  has  been  said  already,  the 
latter  point  can  not  be  satisfactorily  determined.  On  the  whole  I 
have  decided  to  consider  only  the  beginning  of  the  syllables.  By 
doing  this  a  great  amount  of  work  is  avoided— work  not  only  labori- 
ous but  of  an  extremely  unreliable  sort.  There  are  certain  theories 
as  we  have  seen  which  require  measurements  from  the  beginning  of 
the  syllables;  if  other  measurements  must  be  made  from  some 
hypothetical  ''Arsengipfel"  the  work  of  measuring  would  be 
doubled.  But  this  consideration  would  not  have  affected  me  had  it 
been  possible  to  find  any  such  Arsengipfel  or  top  point  of  stress. 
It  has  not  been  possible  to  do  so  and  I  am  convinced  that  the  begin- 
ning of  the  sound  is  a  safer  place  to  measure  from  than  any  other 
one  point.  The  maximal  point  is  bound  to  lie  very  close  to  it  either 
before  or  after  and  the  amount  of  error  in  taking  this  point  is  small 
compared  with  the  amount  of  the  irregularity  of  total  feet. 

Other  exponents  of  the  equal  time  theory  are  Barham*  and 
Omond.^  The  latter 's  book  is  particularly  sane  as  regards  every- 
thing but  his  insistence  on  the  temporal  equality  of  all  units 
Omond,  however,  does  not  insist  on  a  strict  equality  of  formal  feel 
(p.  80),  and  admits  that  a  syllable  may  be  on  the  border  line  betweer 

***The  Musical  Basis  of  Verse,"  1901. 

■  *'  Kliythm  and  Harmony  in  Poetry  and  Music,"  1895. 

^Philolog.  ^oc.  Trans.,  1800-1,  part  1,  p.  45. 

*  '*  A  Study  of  Metre,"   1903. 
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two  feet.  This,  however,  is  a  license,  and  only  for  the  sake  of 
variety. 

John  Ruskin®  asserts  that  **  measured  times  of  utterance  are  the 
basis  of  verse"  but  also  that  ** stress  accent  and  quality  are  the 
same";  and  Coventry  Patmore"  maintains  likewise  that  accents  are 
separated  by  isochronous  intervals. 

**Our  present  verse"  says  Sweet*®  **is  based  mainly  on  the 
natural  stress  of  the  language,  each  strong  stress  marking  the  begin- 
ning of  a  foot  (bar).  But  the  stress-groups  of  ordinary  speech 
amount  to  nothing  more  than  prose:  to  make  these  stress  groups  into 
metrical  feet  it  is  necessary  to  have  them  of  equal  (or  proportionate) 
length,  and  in  English  verse  we  lengthen  or  shorten  syllables  without 
scruple  in  order  to  make  the  feet  of  the  requisite  length."  In 
Schipper's*^  monumental  work  a  place  is  made  for  measured  as  well 
as  accented  verse  in  English.  He  does  not  go  to  such  an  extreme  as 
Sweet,  however,  even  in  the  case  of  what  he  holds  to  be  measured 
rather  than  accentual  verse. 

Milton"  speaks  of  the  musical  delight  in  poetry  fvhich  **  consists 
only  in  apt  numbers,  fit  quantity  of  syllables,  and  the  sense  variously 
drawn  out  from  one  verse  into  another."  Chas.  Kingsley**  holds 
that  English  verse  is  not  regulated  by  accent  but  by  length  of 
syllable.  Gununere**  while  holding  (p.  144)  that  quantity  is  a 
secondary  factor  says  that  (p.  137)  **we  do  not  utterly  refuse  to 
recognize  it  as  an  element  of  verse,"  and  that  (p.  137)  **that  poetry 
which  depends  for  metrical  effect  on  detailed  time  relations 
(quantity)  will  come  nearer  to  music  than  the  poetry  which  depends 
chiefly  on  stress  relations  (intensity,  accent)."" 

In  discussing  those  authorities  who  maintain  that  time  relations 
are  the  fundamental  thing  in  English  verse  constant  reference  must 
be  made  to  others  who  place  the  emphasis  on  accent.  The  advocates 
of  this  other  position  are  rather  sharply  divided  into  two  classes, 
those  who  hold  that  accent  is  primary  but  that  the  time  relations 
of  the  accents  are  significant,  and  those  who  hold  that  accent  or 
accent  and  number  alone  form  the  unifying  principle  of  our  verse. 

The  latter  theory  is  the  orthodox  doctrine  of  the  grammarians 

■"  Introduction  to  English  Prosody"  (cited  by  Gayley  and  Scott). 

•  Essay  appended  to  his  Poems. 

"  '*  History  of  English  Sounds,"  1888,  p.  102. 

""Grundriss  der  Englischen  Metrik,"  1895;  "  Englische  Metrik,"  1881-8. 

"  Preface  to  "  Paradise  Lost." 

"  "  Life  and  Letters,"  p.  347. 

"  "  Handbook  of  Poetics  for  Students  of  English  Verse,"  1888. 

"  Cf.  Gayley  and  Scott  for  further  bibliography  along  this  line. 
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and  of  the  common  people,  in  spite  of  the  insistence  on  time  propor- 
tions, which  we  have  seen,  by  an  intellectual  minority.  The  ordinary 
scansion  of  our  verse  rests  upon  regular  alternation  of  accented 
and  unaccented  syllables  or  of  ** syllables  diflfering  in  quantity" 
(Gould  Brown).  The  emphasis  here  is  on  the  regularity  of  the 
alternation.  Most  of  us  have  had  painful  experience  of  this  sort  of 
scansion  and  no  further  description  is  desirable.  Much  of  our  best 
poetry  is  faultless  in  regard  to  such  regularity. 

On  the  other  hand  a  great  deal  of  verse  does  not  show  any  ap- 
preciable attempt  at  such  regularity.  It  is  said  that  Tennyson  read 
his  own  verse  very  musically  and  with  regard  to  quantity.  Such  a 
poet  would  be  inclined  to  disregard  alternation  of  syllables,  since  he 
had  another  principle  of  unity  upon  which  to  fall  back.  Pope's 
verse  is  ideal  for  alternating  accent  and  there  is  a  prophecy  of  the 
place  he  was  destined  to  occupy  in  future  discussion  in  his  depreca- 
tion of  too  much  music  in  verse  as  analogous  to  the  practise  of 
attending  church  for  the  sake  of  the  music.^* 

The  commonplace  seldom  can  have  a  genius  for  its  advocate ;  the 
ordinary  scansion  is  therefore  left  without  any  very  articulate  de- 
fense. Poe's  caricature  of  it  will  serve  as  a  starting  point  in  order 
to  make  the  distinction  clear  between  his  own  position  and  that  of 
Gould  Brown  who  seems  to  have  been  selected  as  the  scape-goat  upon 
whom  to  cast  the  sins  of  all  grammarians.  Not  only  does  Poe 
**deny  the  necessity  of  any  regularity  in  the  succession  of  the  feet 
and  by  consequence  the  syllables,  but  disputes  the  essentiality  of 
any  alternation  regular  or  irregular  of  syllables  long  or  short." 
Compare  this  with  Sweet's  dictum  that  **the  general  tendency  of  the 
language  is  to  alternate  strong  and  weak  stressed  syllables  as  much  as 
possible."  Sweet  (p.  31),  however,  agrees  with  Poe  that  mere  alter- 
nation does  not  give  rhythm  without  the  additional  element  of 
regularity  in  time.  But  he  considers  that  (p.  33)  ** emphasis,  length, 
strong  stress,  and  high  pitch  are  naturally  though  not  necessarily 
associated." 

Ellis^'  finds  some  forty-five  discernible  degrees  of  accent  or 
emphasis  springing  from  various  combinations  of  **  force,  len<2rth, 
pitch,  weight  and  silence."  His  position  is  **that  English  verse, 
though  based  on  alternation  of  force  is  naturally  governed  by  leniith 
and  pause,  is  seldom  or  never  unaccompanied  by  variety  of  pitch 
unknown  in  prose  and  is  more  than  all  perhaps  governed  by 
weight."^*     The  last  named  factor  relates  to  the  importance  of  the 

"  *'  Essay  on  Criticism,"  1.  337  ff. 
''  Philolog.  Soc.  Trans.,  1873. 
"  Philolog.  Soc.  Trans.,  1876. 
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ideas  expressed  and  not  to  the  loudness  of  the  sound.  It  is  not 
clear,  however,  whether  weight  is  to  be  interpreted  as  a  purely  psy- 
chological element  in  the  rhythm  or  whether  its  presence  can  be 
detected  by  some  other  alteration  in  the  speech  than  those  of  force, 
pitch,  length  and  pause. 

Over  against  this  school  of  compromisers  stands  Skeat"  with  the 
flat  statement  **that  English  poetry  depends  wholly  on  accent  and 
can  only  be  studied  by  considering  the  effects  of  accent.''  For  him 
accent  and  length  are  distinct  things  and  their  frequent  association 
in  the  same  syllable  are  incidental  matters.  That  there  is  no  neces- 
sary connection  between  accentuation  and  duration  is  also  held  by 
Gurney,^®  and  he  holds  further  that  an  accented  syllable  may  occupy 
a  smaller  part  of  the  time  space  between  ictus  and  ictus. 

Inasmuch  as  the  last  named  authority  still  clings  to  the  notion 
that  verse  is  rhythmical  in  the  sense  of  being  ** metrical"  it  follows 
for  him  that  rhythm  is  not  latent  in  speech  but  imposed  from  with- 
out (Chap.  XIX).  That  is  to  say,  the  nature  of  the  language  does 
not  make  an  even  flow  of  words  of  the  right  duration;  it  is  only 
by  constraint  that  we  get  the  right  arrangement.  This  is  an  idea 
of  some  significance  and  quite  in  accord  with  Darwin's  idea  that 
music  and  metrical  forms  were  developed  before  language  in  the 
history  of  the  race.  If,  however,  the  Spencerian  doctrine  of  the 
primacy  of  language  is  accepted,  rhythm  ought  to  arise  directly  in 
that  material  .and  there  could  be  no  necessity  for  ever  forcing  the 
material  to  fit  the  form.  Perhaps  a  compromiser  will  say  that  only 
some  words  fit  given  rhythms  and  others  have  to  be  squeezed  or 
stretched  to  get  them  in. 

For  Abbott  and  Seeley^^  the  names  of  feet  denote  groups  of 
accented  and  unaccented  syllables  without  regard  to  quantity.  Ac- 
cent is  equivalent  to  loud  stress.  The  regularity  of  a  verse  depends 
upon  its  having  the  right  number  of  accents,  and  in  this  respect 
Abbott  finds  most  verses  regular  although  it  is  sometimes  necessary 
to  throw  the  accent  upon  a  weak  monosyllable  in  order  to  make  up 
the  number. 

In  this  connection  Coleridge's  expression*^  with  regard  to  the 
meter  of  some  of  his  poems  is  significant.  **The  meter  of  Christabel 
is  not,  strictly  speaking,  irregular  though  it  may  seem  so  for  its 
being  founded  on  a  new  principle,  namely,  that  of  counting  in  each 
line  the  accents,  not  the  syllables.     Though  the  latter  may  vary  from 

^*Philolog.  8oc.  Trans.,  1895-8,  p.  485. 
»  "  The  Power  of  Sound,"  1880,  p.  429. 
^"English  Lessons  for  English  People,"  1871. 
»  Preface  to  "  Christabel,"  1816. 
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seven  to  twelve  yet  in  each  line  the  accents  will  be  found  to  be  on 
^four."  This  **new  principle"  though  more  new  in  form  of  e 
pression  than  in  actual  practise  was  of  great  importance  in  the  subs 
quent  usage  of  the  English  poets  of  the  nineteenth  century.  For  i 
one  of  the  most  instructive  things  about  the  statement  is  not  tl 
''new  principle"  but  the  old  with  which  it  is. contrasted.  Nothing 
said  about  regularity  of  time  but  it  is  assumed  that  regularity  gei 
erally  is  found  in  the  alternation  of  long  (accented)  and  short  (u 
accented)  syllables  for  that  is  what  is  meant  by  counting  tl 
syllables.  For  Coleridge  and  his  friends  the  accent  was  the  bafl 
of  both  the  old  and  the  new  principles.  Nothing  else  was  eve 
thought  of. 

That  the  ordinary  routine  scansions  will  last  as  long  as  the] 
are  children  and  common  people  is  the  verdict  of  Mayor.**  He 
**in  favor  of  scanning  by  feet"  and  attempts  to  put  the  ordinal 
accented  feet  of  the  grammars  on  a  scientific  basis;  and  if  he  do 
not  succeed  in  his  attempt  to  be  scientific  he  at  least  makes  a  goc 
bold  stand  in  favor  of  the  conventional  English  system.  He  thinl 
that  we  are  in  no  danger  of  falling  into  the  error  of  mistaking  oi 
''iambs,"  etc.,  for  quantitative  feet  in  the  classical  sense  simp] 
because  English  speaking  people  have  no  ear  for  quantity  as  di 
tinct  from  accent.  He  refuses  to  recognize  (p.  55)  any  given  ttwi 
for  two  syllables.  On  the  other  hand  the  7iumber  of  syllables  to 
foot  is  limited  to  three  unless  slurring  or  elision  takes  place. 

Gummere^*  maintains  that  the  unit  in  verse  is  one  accent  togeth( 
with  one  or  more  unaccented  syllables— regularity  rests  in  the  nun 
ber  of  light  syllables.  "In  the  Germanic  languages  and  in  near] 
all  modern  poetry  accent  is  made  the  principle  of  verse;  we  weig 
our  words,  we  ask  how  much  force,  not  how  much  time  the 
require"  (p.  137).  All  this  in  spite  of  what  has  just  been  quote 
above  about  the  importance  of  time.  The  conclusion  seems  to  1 
that  equal  time  intervals  are  found  but  their  significance 
secondary. 

Schipper  accounts  for  both  accented  and  metrical  verse  in  En 
lish  by  the  historical  development  of  Anglo-Saxon  and  Norman  ai 
neo-classic  forms  side  by  side.  The  former  strain  gives  the  accentu 
type,  the  latter  the  metrical  type,  and  in  our  contemporary  verse  > 
find  both  types  side  by  side  or  fused  into  one  verse.  The  accentu 
type,  however,  predominates. 

Guest-'*'  is  more  radical  and  seems  to  feel  that  the  intrusion 

^  "  Chapters  on  Englisli  Metre,"  188G,  p.  6. 

^  "  Handbook  of  Poetics,"  p.  160. 

»  "  A  History  of  English  Rhythms,"  1838. 
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measured  verse  into  the  language  must  not  be  permitted  under  any 
circumstances.  He  says^*  (p.  108)  that  it  has  been  ''said  that  our 
English  rhythms  are  governed  by  accent;  I,  moreover,  believe  this 
to  be  the  sole  principle  that  regulates  them.  Most  of  our  modern 
writers  on  versification  are  of  a  different  opinion.  The  time  is  oc- 
casionally of  great  importance  to  the  beauty  of  a  verse,  but  never  an 
index  of  its  rhythm."  He  believes  that  **the  rhythms  that  depend 
on  accent  are  independent  of  quantity  in  every  living  language  from 
India  westward."  There  is,  however,  generally  a  sharper  tone 
(though  this  is  not  necessary  either)  and  also  a  lengthening  of  the 
accented  (louder)  syllable  due  to  the  greater  effort  of  enunciation. 
Genetically  considered  all  the  English  verse  forms  spring  from  the 
original  ** sectional"  verse  of  our  ancestors  according  to  Guest.  As 
the  sectioning  of  the  line  becomes  more  elaborate,  and  the  arrange- 
ment of  forms  more  variable  we  get  the  different  types  of  modern 
rhythm;  the  accent  always  remains,  however,  the  basis  of  the 
rhythmic  structure.  We  get  the  well-known  forms  iambic,  dactyllic, 
etc.,  according  as  the  accent  stands  in  the  first,  second  or  third 
position  in  the  foot; 
-Ed.  Skeat,  1882. 


CHAPTER  V 
Time  Tuitions  as  Treated  by  the  Expebimentaubts 

BbDcke^  seems  to  have  been  the  first  to  give  experiment 
terminations  of  the  Taktgleichheit  of  verse.  He  asserts  tha 
German  iambs  and  trochees  it  is  not  the  quantity,  not  the  al 
tion  of  long  and  short  syllables,  which  holds  together  the  rl 
but  the  repeated  rising  and  falling  of  the  accent  at  regular 
vals"  (p.  64).  It  is  the  interval  between  accents  that  really  mt 
The  emphasis  is  thus  kept  on  time  relations  but  thro¥m  off  fro 
individual  syllables  on  to  the  foot  as  a  whole.  There  is  a  s 
suspicion  aroused  that  Briicke  scanned  his  lines.  Triplett  and 
ford,*  using  a  combined  tapping  and  voice  record,  but  relying  c 
tapping,  found  great  regularity  in  the  intervals  between  aecei 
nursery  rhymes.  The  method  has  already  been  criticized.  It 
ably  accounts  for  the  results.  Hurst  and  McKay*  got  simiL 
suits,  but  in  their  case  large  variations  were  deliberately  disca 
they  never  read  naturally  but  always  scanned.  These  two  cons 
tions  invalidate  the  results  as  far  as  the  present  point  is  eoncen 

Bolton*  says,  **In  order  for  vocal  utterances  to  form  a  rhy 
series,  they  must  occur  at  regular  intervals  of  time  which  ea 
exceed  or  fall  much  below  certain  limits."  The  different  inten 
however,  give  unity  to  the  series.  The  above  statement  has  i 
perimental  grounds.  Squire^  (p.  541)  says,  **Temporalness 
connotation  of  regular  succession  is  the  basal  principle  of  rhyl 
However,  changes  of  intensity  can  also  produce  a  rhythm 
regular  time  series.  The  doctrine  here  seems  to  be  that  there 
be  regularity  in  time  first  and  that  the  grouping  may  be  cans 
temporal  or  accentual  variations  of  the  regular  series. 

Wallin*  (p.  32)  says  that  **the  question  of  the  quantitative 
acter  of  poetry  or  prose,  is  closed.     All  speech  is  quantitative 
the  distinction,  popularly  and  confidently  posited  between 
titative  and  non-quantitative  verse  is  grounded  upon  fallacio 
sumptions."     HLs  experiments  give  no  warrant  for  such  a  ] 

'  '*  Die  pliysiologischen  Grundlagen  der  neuhochdeutsclion  Verskunst, 
'American  Journal  of  Psychology,  12,  1901. 

*  Toronto  Studies,  1. 

*  American  Journal  of  Psychology,  6,  157,  1893. 

*  American  Journal  of  Psychology,  12,  1901. 

*  Yale  Studies,  9. 
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itous  attack  upon  a  distinction  which  is  founded  upon  no  assump- 
tions whatever.  Of  course,  no  one  in  his  senses  ever  doubted  that 
speech  is  quantitative  but  there  has  been  grave  doubt  whether 
quantity  in  speech  gives  rise  to  the  rhythm  of  verse.  So  far  as 
Wallin's  results  show  anjrthing  at  all  on  this  point  they  indicate  that 
quantity  is  not  responsible  for  the  phenomena  of  rhjrthm.  **The 
regularity  of  the  intervals  in  a  given  set  of  records  of  English 
poetry,  the  intervals  of  which  are  mostly  of  the  two  syllable  type, 
and  the  scansion  of  which  is  rhythmically  free  was  about  3  per  cent, 
higher  than  the  corresponding  set  of  records  of  English  prose,  the 
reading  of  which  is  rhythmically  free  (32  per  cent,  of  variation  in 
this  case).  When  the  scansion  or  reading  is  natural,  artistic  and 
rhjrthmically  free  the  complex  centroid  intervals  are  only  slightly 
more  regular  in  poetry  than  in  prose"  (pp.  118,  119).  But  cer- 
tainly poetry  is  more  rhythmical  than  prose.  No  reasons  are  given 
why  the  changes  in  quantity  within  a  line,  so  far  as  they  have  any 
meaning  at  all  and  are  not  simply  natural  differences  in  time  value 
of  the  sounds,  should  not  be  regarded  as  concomitants  of  the  accent 
rather  than  as  themselves  determining  the  rhythm.  The  centroid 
system  advocated  by  Wallin  or  Scripture  is  likable  and  sensible,  but 
to  try  to  graft  it  onto  the  older  time  or  music  theory  of  verse  rhythm 
is  equivalent  to  abandoning  it  altogether.  Wallin  himself  seems  to 
recognize  this  when  he  says  (p.  113),  **nor  are  centroid  intervals 
to  be  conceived  as  a  succession  of  bars  of  invariable  length,  nor  as 
feet  of  similar  length,  nor  as  successive  quanta  of  time  conforming 
to  an  invariable  measure."  The  centroid  system  of  Wallin  and 
Scripture  is  the  equivalent  of  the  section  plan  of  the  metrists  and 
of  the  system  of  monopressures,  if  I  understand  the  latter.^ 

The  centroid  is  really  an  accented,  or  as  some  would  call  it,  a 
w^eighted  syllable.  Its  marks  of  differentiation  are  increased  loud- 
ness, duration  and  heightened  pitch.  Wallin  assumes  that  of  these 
duration  is  the  essential  one,  but  he  gives  no  reason  for  saying  so  and 
certainly  the  more  obvious  one  is  the  increased  loudness.  Such  a 
centroid  is,  in  the  simplest  terms,  a  part  of  the  sound  series  marked 
by  one  stress  maximum.  As  used  by  Wallin  the  analysis  of  verse 
into  such  elements  leaves  no  essential  distinction  between  prose  and 
verse.  According  to  the  arrangements  printed  by  Scripture®  for 
certain  verses  of  poetry  there  is  nothing  left  corresponding  to  a 
rhythm  pattern  for  the  verse.  When  tables  are  printed  giving  only 
the  average  number  of  syllables  per  centroid,  or  the  average  time 

^  Cf.  Skeat,  Philolog,  Soc.  Trans.,  1896-8.    Only  a  few  syllables  can  be  pro- 
nounced on  one  breath  pressure  and  this  group  is  made  the  rhythmic  unit. 
• "  Elements." 
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valoe  of  a  centroid  group,  the  only  potnUe  data  for  the  analya 
into  rhythmic  constituents  are  obsenred.  Sorely  rhythm  eonaists  i 
something  more  than  the  mere  snocession  of  these  gro(iq>s  at  moj 
or  less  regnlar  intervals  of  time.  Are  we  to  say  that  all  rhythms  ai 
the  same,  both  prose  and  verse— jnst  this  simple  sneeeasiont  Sac 
an  answer  would  be  far  from  aatisf actory ;  the  eentroid  theoi 
must  develop  a  more  thorough-going  explanation  of  the  phenomec 
which  make  one  rhythm  different  from  another  before  it  can  be  coi 
sidered  as  anything  more  than  a  way  of  summarizing  certain  obsei 
vations  which  do  not  reach  to  the  details.  Inasmuch,  however,  s 
the  eentroid  theory  gets  beyond  the  notion  that  there  is  no  rhythi 
without  extreme  regularity  of  time  relations  it  marks  an  immens 
step  in  advance. 

Briicke,  Bolton,  Squire  and  McDougall  recognize  an  effect  o 
intensity  (or  accent  in  some  form)  only  as  a  subsidiary  factor  entei 
ing  in  where  there  is  already  a  uniform  time  series.  Squire*  am 
McDougall^*  even  conceive  of  a  rh3rthm  without  any  accentual  or  a 
least  without  an  intensive  variety  whatever. 

Meumann  considers  time  and  intensity  as  compensating  fac 
tors,  either  of  which  may  take  the  place  of  the  other.  Just  wha 
this  means  for  verse  rhythm  in  view  of  the  very  regular  associatioi 
of  the  two  in  one  syllable  is  hard  to  understand.  There  is  n 
experimental  evidence  that  a  stressed  syllable  when  short  in  time  i 
correspondingly  more  intense.  What  evidence  there  is  points  jus 
the  other  way. 

The  apparatus  adopted  in  the  present  investigation  is  not  de 
signed  to  measure  intensities  nor  have  I  been  particularly  concerned 
with  the  question  of  their  measurement.  Even  if  we  had  a  complet 
plot  showing  the  absolute  and  relative  intensities  of  all  the  sound 
of  any  given  series  of  words  or  for  any  given  verse,  the  question  o 
the  final  basis  of  verse  rhythm  would  be  no  nearer  solved  than  it  i 
to-day.  We  now  know  that  intensities  are  there  and  we  know  thei 
serial  order.  It  is  the  times  by  which  they  are  separated  which  w 
do  not  know  and  it  is  these  that  we  must  be  able  to  describe  if  w 
are  going  to  give  a  full  account  of  the  conditions  under  which  th 
particular  rhythmic  phenomena  of  verse  arise. 

The  only  point  with  regard  to  the  intensities  in  verse  which  i 
would  help  us  to  know  about  is  their  sequence  in  such  a  phrase  a 
pa  ta  pa'  or  pa'  ta  pa.  In  such  groups  there  appears  to  be  a  certai 
hierarchy  of  intensities.  Similarly  in  such  a  line  as  papa'  papt 
papa'  papa'  such  a  hierarchy  seems  to  exist,  the  second  accente 

*Amer.  Jour,  of  Psychol,  12,  509,  541,  1901. 
'•Psychol  Rev.,  9,  461,  1902. 
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syllable  being  stronger  or  fieavier  than  the  first.  But  these  are  ques- 
tions of  the  detail  differences  of  particular  rhythm  figures.  To 
answer  this  is  to  tell  nothing  of  the  relative  importance  of  duration 
and  stress.  Such  questions  will  have  to  be  answered  if  it  turns  out 
in  the  end  that  stress  differences  of  this  minor  sort  are  the  only 
differences  that  can  be  found  between  rhythms  of  different  types  or 
figures;  meanwhile  such  details  may  be  left  aside  while  the  other 
possible  differences  of  the  patterns  are  being  examined. 


1 

T 


f 


CHAPTER  VI 

Experimental  Results 

(a)  Procedure 

The  technique  of  the  experiments  has  already  been  indicate 


describing  the  apparatus.    The  subject  was  asked  to  recite  the  v< 
naturally  and  at  the  same  time  distinctly.    None  of  the  subj 
I'  found  anything  in  the  conditions  of  the  experiment  to  pre 

'  doing  this.    In  the  case  of  nonsense  syllables,  which  were  ah 

TABLE   I 

TuE  Iambic  Tetrameteb,  Papa'  papa'  papa'  papa'.    At  the  left  the  n 

and  the  number  of  his  readings.    Under  "  Pa,"  the  average  time  value*  o 

first  syllable  of  each  foot.    Under  "V,"  the  mean  variation  per  cent.'     I 

' .  **  pa',"  the  second  syllable.    Under  "  foot,"  the  average  time  of  the  foot.    I 

••  "  ratio,"  the  average  quotient  of  the  accented  divided  by  the  unaccented  syll 

i>  W54  Pi       V  pa'      V  FMt      V  Rati 


1st  foot 

20 

9.6 

67 

8.0 

77 

7.1 

2.9 

2d  foot 

20 

9.6 

58 

7.3 

78 

7.0 

2.9 

3d  foot 

20 

8.7 

57 

7.6 

77 

7J8 

2.9 

4th  foot 

20 

9.7 

101 

21.2 

121 

H41 

Ist  foot 

25 

6.5 

52 

4^7 

77 

3.8 

2.1 

2d  foot 

23 

6.7 

51 

5.1 

75 

3.7 

2.3 

3d  foot 

24 

5.5 

49 

U 

73 

3.2 

2.1 

4th  foot 

23 

5.9 

93 

6.5 

115 

F73 

Ist  foot 

18 

9.0 

36 

5.0 

55 

44 

2.0 

2il  foot 

16 

8.1 

36 

5.3 

52 

4^9 

2.2 

3d  foot 

16 

6.5 

36 

6.5 

52 

6.4 

2.3 

4th  foot 

17 

6.S 

71 

9.5 

88 

B48 

Ist  foot 

20 

7.0 

53 

4^4 

73 

U 

2.7 

2d  foot 

21 

6.9 

55 

44 

75 

4.3 

2.7 

3(1  foot 

21 

4-9 

52 

5.0 

73 

3.5 

2.5 

4th  foot 

22 

6.i 

127  12.4 

149 

*  The  readers  in  these  experiments  were :  W,  Dr.  F.  L.  Wells,  then  Lee 
in  Barnard  College;  R,  A.  E.  Rejall,  graduate  student  in  psychology;  L,  ] 
Lyon,  graduate  student  in  psychology;  H,  H.  L.  Hollingworth,  then  Assi 
in  Psychology;  F,  S.  Froeberg,  sometime  Assistant  in  Psychology;  B,  the  au 

'  The  time  is  given,  in  all  the  tables,  in  hundredths  of  a  second. 

•  In  all  the  tables,  the  columns  headed  "  V  "  give  the  mean  variatio: 
pressed  as  a  per  cent,  of  the  total  time. 

38 
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TABLE  n 

The  Trochaic  Tetrameter,  pa'pa  pa'pa  pa'pa  pa'pa.     Under  Pa'  the  first 

(accented)  syllable.    Under  pa  the  second  (unaccented)   syllable. 

Otherwise  the  columns  correspond  to  Table  I. 

W46  P»'      V  p*      ▼  Foot    V 


iBt    foot 

22 

5.6 

2d  foot 

22 

5,k 

3d  foot 

22 

5.5 

4th  foot 

22 

7.9 

H47 

Ist  foot 

34 

6.0 

2d  foot 

34 

45 

3d  foot 

34 

4.8 

4th  foot 

36 

4-9 

F40 

Ist  foot 

26 

5.9 

2d  foot 

25 

6.0 

3d  foot 

26 

5.1 

4th  foot 

25 

6.0 

B50 

Ist  foot 

28 

7.0 

2d  foot 

28 

7.7 

3d  foot 

28 

8.1 

48 

6.4 

61 

6.4 

49 

7.0 

88  18.S 

33 

4.6 

33 

4.1 

33 

5.7 

99 

9.7 

33 

5.7 

31 

6.3 

31 

5.0 

67 

9.6 

32 

6.9 

32 

6.8 

32 

7.2 

102 

10.6 

71 

4.9 

73 

4.1 

72 

5.4 

no 

67 

4.2 

67 

3.2 

67 

i.^ 

133 

69 

3.8 

56 

4.0 

57 

2.9 

92 

60 

4.8 

60 

5.4 

60 

5.1 

Btttio 

V 

.46 

8.4 

.44 

8.2 

.46 

8.6 

1.03 

7.1 

1.02 

6.7 

1.04 

7.^ 

.78 

7.8 

.81 

9.4 

.86 

8.6 

.88 

9.6 

.90 

9.1 

.87 

11.3 

4th  foot  28     7.^  102  10.6  130 

read  as  lines  of  verse,  the  reading  was  interrupted  after  each  com- 
plete revolution  of  the  drum.  In  other  cases  the  reading  was  con- 
tinuous for  a  longer  period.  The  material  consisted  of  nonsense 
syllables  in  tetrameter  lines  of  diflferent  rhythms  and  of  specimen 
bits  of  well-known  English  poems.  This  latter  material  was  selected 
first  on  the  ground  of  its  familiarity  and  second  on  the  ground  of 
the  possession  of  consonant  combinations  which  could  be  most  readily 
read  from  the  record.  No  attempt  was  made  to  cover  the  entire 
field  of  English  rhythm;  in  fact  the  verses  chosen  are  almost  all 
tetrameters.  It  is  well  to  have  them  as  comparable  as  possible  with 
each  other  and  the  tetrameter  is  the  most  frequent  meter  in  our  non- 
heroic  verse. 

Having  determined  the  beginnings  of  all  the  words  and  syllables 
in  any  record  the  durations  of  these  were  measured  from  the  begin- 
ning of  one  to  the  beginning  of  the  next.  The  validity  of  this  pro- 
cedure has  been  discussed  above.  Even  if  the  record  permitted 
of  an  exact  determination  of  the  end  of  any  sound,  which  it  seldom 
does,  I  am  convinced  that  we  ought  still  to  count  any  gap  which 
may  occur  between  two  sounds  as  being  a  prolongation  of  the  pre- 
ceding sound.     Such  a  gap  can  not  be  excluded  from  the  rhjrthm 
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s^lUf^hfrr  and  certain! j  it  dcpai  not  seem  sensible  to  call  it  part  oi 
ftuceefrrJing  inmnd.  In  tlie  ease  of  the  pause  at  the  end  of  a  verse 
cfrnplf^  I  have  made  no  attempt,  as  a  role,  to  separate  the  h 
syllable  and  the  pause  proper.  As  a  consequenee  the  final  sjllal 
(hf4^  not  enter  into  my  calculations.  If  the  verse  is  read  as  **n 
on''  into  the  next  verse  this  last  pause  is  significant;  if  the  verse 
rcHf]  as  cUisin^  a  stanza  or  as  the  end  of  a  sentoiee  the  pause  at  t 
<tkI  has  little  or  no  meaning.  I  have  contrived  in  nearly  every  es 
to  avoid  Hueh  dead  endings  by  having  the  subject  read  another  vei 
iir  two  which  was  not  counted.  The  nonsense  verses  were  read  o 
after  another  as  if  they  made  a  long  stanza.  The  pauses  therefo 
fin*  tnie  verse  pauses. 

(b)  Duration  of  Feci 

One  of  the  first  places  to  look  for  that  regularity  which  is  su 
yxmwl  to  eharaet<'rize  rhythm  is  in  the  time  value  of  the  '*foot 
or  v^-nw!   unit.     The  quefition  here  1%   is  one   foot   in   a   verse 
approximately  the  same  duration  as  another,  or  is  the  presence 
Huch  equality  only  accidental  in  some  verses,  others  not  showing  i 
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The  force  of  an  analogy  with  music  is,  of  course,  dependent  upon 
the  presence  of  such  equality  between  the  feet  considered  as 
measures.  The  facts  which  bear  upon  this  point  will  be  found  in 
the  tables  under  the  heading  **Poot."    Glancing  through  Tables  I. 


TABLE    VI 

The  Effect 

OF  Chanoino  the  Syllables  in  Iambic 

Tetbametebs. 

Records 

for  two  readings;  the 

arst 

day's 

reading  above, 

the  second  below. 

W 

ClMS 

Pa 

V 

pa'r    V 

Foot 

V 

RsUo  V 

Ist  foot 

14 

1st  day 

17 

S.8 

76     5.4 

92 

4.5 

4.4 

6.1 

17 

2d  day 

18 

6.4 

79    8.6 

97 

4^7 

4.3 

42 

2d  foot 

1st  day 

17 

6.3 

77     3.6 

93 

3.5 

4.7 

7.0 

2d  day 

18 

SM 

80    5.0 

97 

4.5 

4.3 

4.1 

3d  foot 

1st  day 

16 

4^2 

77     5.6 

93 

4.7 

4.9 

6.6 

2d  day 

18 

5.1 

77     6.3 

96 

5.5 

4.3 

8.1 

4th  foot 

1st  day 

16 

7.6 

116    6.6 

132 

2d  day 

17 

4^ 

129  11.0 

146 

W 

pa'rt 

Ist  foot 

15 

1st  day 

17 

4^1 

65     5.2 

83 

3.8 

3.8 

8.0 

17 

2d  day 

19 

6.0 

68     4-1 

87 

3.7 

3.6 

5.7 

2d  foot 

1st  day 

17 

6.6 

67     5.5 

84 

5.3 

3.9 

5.3 

2d  day 

18 

9.8 

71     2.9 

89 

2.8 

3.9 

4.5 

3d  foot 

Ist  day 

17 

S.6 

65     7.0 

81 

4^6 

3.8 

6.9 

2d  day 

18 

6.6 

68    2.8 

87 

2.7 

3.8 

5.1 

4th  foot 

1st  day 

17 

4S 

124  12.1 

141 

2d  day 

18 

5.5 

158  14.1 

177 

W 

pA'nt 

Ist  foot 

13 

1st  day 

17 

^.7 

65     5.3 

83 

5.2 

4.0 

5.5 

13 

2d  day 

18 

6.4 

76     4-5 

93 

4.S 

4.2 

6.4 

2d  foot 

1st  day 

18 

5.2 

67     5.4 

84 

4.0 

3.8 

7.7 

2d  day 

18 

5.5 

77     3.7 

95 

3.6 

4.4 

4.^ 

3d  foot 

1st  day 

17 

8.7 

64     6.6 

80 

5.6 

3.8 

9.5 

2d  day 

18 

4J 

76    4-8 

93 

4.0 

4.3 

5.7 

4th  foot 

1st  day 

17 

5.1 

119  20.3 

136 

2d  day 

18 

5.8 

143  23.0 

161 

to  IX.,  it  is  evident  that  the  nonsense  feet  are  very  regular  for 
each  of  the  four  subjects  in  each  of  the  five  rhythms  examined. 
There  are  minor  exceptions  as,  for  instance,  in  Table  I.,  Subject  H, 
shows  a  slight  acceleration  in  his  reading  from  the  first  to  the  third 
foot.  The  low  variation  of  his  readings  here  makes  it  quite  im- 
possible that  this  should  be  the  result  of  chance.*    But  on  the  whole 

*The  variations  are  expressed  throughout  in  the  amount  of  the  mean 
variation  (A.D.)  of  the  series  per  centum  of  the  average  reading.  This  gives 
a  figure  that  can  be  used  for  the  comparison  of  the  variation  of  one  series 
with  that  of  another  series  which  has  a  somewhat  different  average  value. 
The  reader  should,  however,  be  very  cautious  about  making  such  comparisons. 
The  "probable  error"  (P.E.)  of  one  of  these  averages  would  be  equal  to  the 
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TABLE   Vn 
Ths  Etfict  or  Chajtodio  thk  STLULBun  m  Iambic  TkimAiomBS 

H17  Pft  V  f^  V  F<wi      y                        BaX 

Itt  foot  26  6^  60  ^4  86    5^                      2.4 

2d  foot  26  5^  59  Jk2  85    5^                      2.2 

3d  foot  26  kJd  60  i^  87  5.7  2.2 
4th  foot 

Hn 

1st  foot  27  6.1  63  5^  99    2S                     2.3 

2d  foot  27  e.O  61  S^  89     2.8                     2.2 

3d  foot  27  i.i  61  4^  89  5.2  2.2 
4th  foot 

Ht2 

l8t  foot  26  5.6  68  S.i  95     2J                     2.6 

2d  foot  25  5.1  68  ^.i  93     24                      2.6 

3d  foot  26  5.1  67  2.7  93  2.7  2.5 
4th  foot 

HM 

l8t  foot  27  SJ  67  5.0  94     ^.5                     2.5 

2d  foot  26  5.5  67  ^.7  93    2.8                     2.6 

3d  foot  26  6^  67  i.2  93    5.5                     2.6 

4th  foot  26  JkJt  133  7.5  159 

the  feet  may  be  said  to  have  equal  duration  in  the  nonsense  y< 
No  such  equality  appears,  however,  in  the  examples  of  actual  y< 
Even  in  the  most  simple  and  regular  cases  when  there  can  b< 
question  raised  as  to  the  correctness  of  the  scansion  the  irregu 
ties  are  glaring. 

In  the  case  given  in  Table  X.,  for  mstance,  which  can  be 
in  this  form: 


26 

6S 

26 

5Jt 

26 

k^ 

27 

^ 

27 

6.1 

27 

6.0 

27 

kJi 

27 

4-7 

26 

5.6 

25 

5.1 

26 

5.1 

26 

5.0 

60 

^4 

59 

4JB 

60 

i^ 

133 

7.2 

63 

3M 

61 

3J 

61 

iJ 

121 

9.0 

68 

5.2 

68 

Sji 

67 

2.7 

130 

84 

Vtrrwt 
67 

5.0 

86 

S^ 

85 

S4 

87 

5.7 

161 

89 

2S 

89 

2.8 

89 

SJt 

148 

95 

2J 

93 

24 

93 

2.7 

157 

Subject 

I  come 

from  haunts 

of  coot 

and  hem 

H 

70 

66 

54 

R 

62 

82 

58 

where  the  figures  represent  the  times  for  Subjects  H  and.R 
speetively.    Not  only  are  the  feet  not  by  any  means  equal  but 
inequalities   are   not  subject  to   the  same   tendency   for   the 
readers. 

mean  variation  (A.D.)  divided  by  the  square  root  of  the  number  of  a 
This  can  be  obtained  from  the  per  cent,  value  given  in  the  table  by  multipl 
by  the  average  reading  and  dividing  by  the  square  root  of  the  number  of  a 
The  number  of  cases  is  large  in  the  case  of  the  nonsense  material,  because 
variability  itself  was  under  consideration.  In  the  ordinary  verse  onlj 
approximate  average  was  required  and  only  ten  cases  as  a  rule  were  ta 
The  apparent  increase  in  accuracy  from  the  greater  number  of  cases  is  in 
negatived  ])y  a  constant  sliift  in  the  tempo  of  the  reading  so  that  fifty  < 
do  not  form  as  lioniogeneous  a  series  as  ten. 


F81 

l6t   foot 

2d  foot 

3d  foot 

4th  foot 

F40 

l8t   foot 

2d  foot 

3d  foot 

4th  foot 

F40 

let  foot 

2d  foot 

3d  foot 

4th  foot 

F41 

l6t   foot 

2d  foot 

3u  foot 

4th  foot 

P» 

V 

17  10.4 

17 

9.9 

16  10.4 

16  10.S 

16 

9.9 

17 

6.2 

16 

7.5 

16 

7.7 

14 

74 

14 

9.9 

14 

9.2 

14 

9.5 

14  10.2 

14 

9.5 

14  10.5 

14  11.0 
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RaUo   V 
2.3  10.6 
2.3  10.S 
2.3  11.4 


B28 

1st  foot 

2d  foot 

3d  foot 

4th  foot 

B40 

1st  foot 

2d  foot 

3d  foot 

4th  foot 

B89 

l8t   foot 

2d  foot 

3d  foot 

4th  foot 

B40 

l8t   foot 

2d  foot 

3d  foot 

4th  foot 

Fa 

V 

18 

5.5 

18 

8.0 

18 

6.7 

19 

7.0 

17 

6.0 

17 

4.8 

17 

5.5 

18 

5.9 

16 

5.7 

16 

4-6 

16 

4,« 

16 

5.0 

16 

5.2 

16 

5.9 

15 

5.1 

16 

5.8 

TABLE   VIII 

[ 

Stllai 

llES  IN 

Iambic  Te 

THAI 

p.' 
39 

V 

5,4 

Foot 
55 

V 

4.7 

38 

7.0 

55 

6.1 

36 

5.5 

52 

5.2 

61 

7.2 

77 

pa'r 
48 

6.2 

65 

5.0 

47 

5.9 

64 

5.5 

47 

5.6 

63 

4.7 

69 

7.1 

85 

49 

8.7 

62 

7J 

49  10.2 

63 

9.1 

48 

8.9 

61 

7.4 

73 

6.9 

87 

pa'ni 
48 

7-4 

63 

6.8 

47 

6.6 

61 

5.8 

47 

6.8 

60 

6.7 

73 

6M 

87 

TABLE   IX 

3TLLAS 

(IBS  IN 

Iambic  Te 

TRAl 

40 

V 
6.7 

Foot 
58 

V 

4.8 

41 

4^ 

60 

4.« 

40 

6.8 

57 

5.1 

116 

9.0 

135 

p*'r 
44 

4^9 

^1 

9.2 

44 

4^6 

61 

9.7 

44 

4J 

61 

9.0 

121 

5.2 

139 

48 

6.9 

64 

4.« 

49 

5.9 

64 

5.7 

49 

4-9 

64 

5.4 

124 

6.6 

140 

pa'nt 
53 

7.5 

67 

tf.4 

53 

7.6 

69 

6.5 

53 

7.2 

69 

5.5 

127 

6.0 

143 

3.1  10.6 

2.8  8J 

2.9  8.5 


3.5  9.0 
3.4  11.1 
3.4  10.8 


3.5  19.4 

3.4  10.6 

3.5  10.8 


Batio 

V 

2.3  10.7 

2.3 

9.7 

2.2 

10.4 

2.6 

9.5 

2.6 

5.7 

2.5 

74 

3.0  11.1 

3.1 

8.9 

3.1 

7.2 

3.4 

9.0 

3.5 

7.0 

3.5 

9.0 
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i  TABLE   Xa 

Averages  or  10  Readings  bt  H  of  the  Vebse,  /  oome  from  KaunU  of  coc 
hem.     Under  **  a  '*  and  **  b/'  the  unaccented  and  accented 
syllables  respectively. 


ft            1/               ft        V 

1/     V 

Foot 

V 

b'/ft     V 

b'/ 

I          come        38    ^.2 

32  10,1 

70 

5.5 

.84  12.2 

1.: 

from    haunts     24    9.5 

41     6,1 

66 

4.7 

1.74  1S.8 

\.i 

of        coot          28    8.6 

26    8,1 

54 

4.7 

.93  12.9 

i.e 

and      hem         16  ILl 

101    4.4 

117 

Verse 

307 

Next  verse 

274 

9J9 

*Come  divided  by  from,  etc. 

TABLE 

Xb 

Averages  of  10  Readings 

BY 

R  OF  THE 

Same  Vebse 

ft                 w 

ft      V 

b' 

V 

Foot     V 

b'/i 

I                come 

32  10,8 

30 

9,8 

62     5.7 

.9: 

from          haunts 

30    9.0 

62 

4.8 

82     5,9 

1.74 

of               coot 

22     8,5 

36 

1,0 

58     k.8 

1.6: 

and            hem 

20    8,5 

54  11,8 

74 

Verse 

276 

Next  verse 

246     4.^ 

TABLE    XiA 
Averages  of  10  Readings  bt  H  of  the  Verse,  The  stag  at  eve  had  drunk  I 


ft                 b' 

ft       V 

b' 

V 

Foot    V 

Bfttio 

The            stag 

19    8^ 

46 

5.2 

65     4.5 

2.4 

ac              eve 

13  lk.8 

40 

4-0 

53     5.7 

3.2 

had            drunk 

18    8.6 

41 

2.6 

59    3.2 

2.4 

his             fill 

28    9.S 

106 

5.9 

134 

Verse 

TABLE 

XIb 

311 

Averages 

OF  10  Readings  by  R  of 

THE  Saice  Verse 

ft                 b' 

ft       V 

b' 

V 

Foot     V 

b/ft 

The            sUg 

19  16.0 

47 

8.0 

67     7.2 

2.6 

at              eve 

19    8.8 

41 

1.6 

60    6.1 

2.1 

had            dnmk 

38    8.7 

32 

6.2 

70    5.0 

.85 

his             fill 

24  11,1 

63 

9.2 

87 

Verse 

284 

Next  verse 

313     A.8 

Any  of  the  other  verses  will  serve  to  bring  out  the  same 
Only  one  ease  (Table  XL). 

his  fill 


ject          The  stag 

at  eve 

had  drunk 

i                      65 

53 

59 

I                      67 

60 

70 

shows  anything  like  the  regularity  which  occurs  in  the  case  oi 
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nonsense  verses.  Other  selections  are  not  so  regular  in  form  and 
the  scansion  is  open  to  some  question.  In  some  cases  no  attempt 
has  been  made  to  scan  the  verse  and  the  reader  is  left  to  exercise 
his  own  ingenuity  if  he  thinks  that  he  can  find  any  combination  mak- 
ing  uniform  feet  in  a  verse  with  separate  syllables,  such  as  those, 
for  instance,  of  the  second  half  of  Table  XII. 

TABLE    XII 

Averages  or  10  Readings  bt  L.     The  time  of  each  syllable  is  below  it  and 
below  that  the  mv.  per  cent. 

Al  most  u  pon  the  wes         tern         wave  Verse 

22  34  11  26  11  28  15  48  195 

9.0  8,8         13.0         18.0         10.0         20.0  1.0  9.6 


Res 

ted 

the 

broad 

bright 

sun 

28 

20 

13 

37 

20 

89 

22.0 

19.0 

15.0 

9.5 

19.0 

6.5 

When 

that 

strange 

shape 

drove 

sud 

den 

ly 

21 

16 

45 

46 

28 

28 

11 

36 

9.0 

17.0 

12.0 

12.0 

8.6 

8.0 

13.0 

21.0 

Be 

twixt 

us 

and 

the 

sun 

Pause 

17 

28 

27 

27 

12 

40 

99 

9.4 

8.4 

9.6 

14.0 

16.0 

6.7 

14.0 

207 


194 


250 


But  such  puzzles  as  this  excepted  a  perusal  of  the  tables  will 
convince  anyone  that  there  are  divisions  corresponding  pretty  closely 
to  the  conventional  feet  and  having  somewhat  the  same  duration 
even  though  there  is  nothing  that  could  be  called  equality  between 
them.    Such   an  example  as  the  nursery   rime   **  Pease  porridge 


TABLE    XIII 

The  Average  Time  fob  Vebse  and  Thibd  Foot  fob  Each  of  Foub  Reaoebs 

IN  Each  Rhythm 


Pa  pa' 
Pa  pa'r 
Pa  pa'rs 
Pa  pa'rst 
Pa  pa' 
Pa'  pa 
Oh  pa'  pa 
Pa  ta  pa' 
Pa'  ta  pa 
Average 


w 
Verse  8d  Foot 


436 
440 
442 
353 
326 
297 
345 
289 
366 


96 
87 
93 
77 
72 
35 
74 
63 
75 


H 
Verse  8d  Foot 


419 
450 
438 
438 
340 
334 
328 
367 
397 
386 


87 
89 
93 
93 
73 
67 
66 
86 
86 
82 


Verse   8d  Foot 
238       52 


277 
273 
271 
247 
264 
236 
286 
261 
264 


63 
61 
60 
52 
67 
49 
62 
58 
58 


Verse   8d  Foot 
310       57 


322 
332 
348 
370 
310 
296 
312 
264 
319 


61 
64 
69 
73 
60 
53 
59 
60 
62 
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hot''  which  is  cited  by  Poe  as  a  verse  having  feet  of  equal  duration, 
will  serve  to  show  how  far  there  really  is  equality.  The  scansion 
is  Poe's,  the  figures  from  Table  XIV. 


ease 

porridge 

hot, 

pease 

porridge 

cold, 

49 

38 

113 

48 

62 

106 

ease 

porridge 

in  the 

pot, 

nine 

days 

old. 

49 

46 

43 

48 

67 

46 

116 

Taking  account  of  the  pauses  the  feet  certainly  maintain  a  pretty 
constant  length  (and  this  testifies  to  the  accuracy  of  Poe's  ear)  but 
there  is  no  real  equality  between  them.  The  same  thing  can  be  seen 
in  Table  XV.,  where  not  even  the  three  words  Break,  break,  break 
occupy  equal  times,  but  where  well-defined  feet  are  in  evidence. 

In  some  cases  such  **feet"  are  only  to  be  discovered  by  a  viola- 
tion of  the  conventional  scansion.    Table  XVI.  gives 

Where  twined  the  path  in  shadow  hid 

89  82  79 

Here  an  extra  syllable  has  to  be  borrowed  by  the  third  foot  from 
the  last  and  even  then  it  is  shorter  than  the  others.  Evidently 
mechanical  scansion  will  not  give  feet  of  even  approximately  equal 
lengths.  But  if  freer  scansion  does  reveal  such  feet  the  question 
arises  how  much  irregularity  can  be  countenanced;  that  is,  where 
** regularity"  begins. 

One  experiment  made  upon  Subject  H,  who  can  sing,  throws  some 
light  on  this  question  in  so  far  as  it  reveals  correspondingly  large 
irregularities  in  the  duration  of  musical  notes.  The  results  of  recit- 
ing and  singing  the  same  words,  **Blow,  blow,  breathe  and  blow. 
Wind  of  the  western  sea/'  are  summarized  in  Table  XVII.  The 
times  are  given  for  the  syllables  as  read  and  as  sung;*  then  the 
proportional  time  the  notes  should  have  in  the  song,  and  lastly,  the 
time  of  the  syllables  as  read  increased  to  the  tempo  or  rate  at  which 
they  were  sung.  Both  reading  and  singing  have  a  different  tempo 
for  the  two  verses.  It  appears  that  in  this  case  at  any  rate,  the 
reading  while  regular  as  regards  **feet"  is  no  more  so  than  singing 
without  accompaniment.^*  Certain  diflferences  are  noteworthy.  The 
reading  tends  more  to  equalize  the  corresponding  words  blow,  blow. 

*The  subject  is  thoroughly  competent  to  sing  this  well-known  song  accept- 
ably and  he  said  that  the  apparatus  did  not  hamper  him. 

^^For  the  degree  of  regularity  to  be  expected  in  musical  performances  see 
Binet  and  Courtier,  L*Ann6e  psychologique,  1895. 
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TABLE   XVI 
Averages  of  13  Rsaduvos  bt  H  or  Where  twined  the  path  in  shadow  hid 


ft 

\/ 

ft       V 

1/ 

V 

Foot     V 

Batio     V 

Where 

twined 

43    6.9 

46 

5.2 

89     S.9 

1.1     9.S 

the 

path 

18    6.5 

64 

6.1 

82     4.1 

3.6     8.^ 

in 

shad 

26  11.5 

29 

5.6 

55     5J 

1.1  14^ 

ow 

hid 

24  11.5 

81 

7.0 

105 

Vene 

331     2.8 

TABLE    XVII 

AVEBAGES  FOB  H,    10   CA8E8   READING   AND   20   CASES   SiNOING,   BloW,    blOWy 

breathe  and  blow. 

Wind  of  the  western  sea 

Maamir* 

MMsara 

BMdinf 
Tlmt     V 

TlSm 

^.s 

;f     lUftdlBg* 
TiiM 

Tlmi     V 

tSS.'^\ 

Blow 

113     7.6 

173     7.S 

174 

189 

113     7.6 

173     7.5 

blow 

116     7.5 

188    5.8 

175 

194 

116     7.5 

188     5.8 

breathe 

51     74 

113     7.7 

131 

86 

and 

45     6.7 

61  11.0 

44 

75 

95     5.7 

173     5J 

blow 

92    5.0 

164  10.0 

174 

154 

92     5.0 

164  10.0 

Verse 

416 

698 

Wind 

62  10.0 

86  11.0 

of 

62    5.0 

the 

27     5.0 

25  16.0 

89     7.8 

170     9.7 

we« 

38    8.8 

113  12.0 

tern 

31     8.4 

46  i5.0 

70     6.7 

158     9.7 

sea 

199     i.7 

176  10.0 

176  10.0 

ea  (2d  measure) 

112 

199 

112 

Verse 

358 

616 

The  two  words  breathe  and  are  sung  in  correct  time,  but  are  spoken 
too  fast.  The  same  is  true  of  the  two  syllables  of  western.  The 
general  inference  to  be  drawn  from  this  table  is  that  the  lack  of  abso- 
lute equality  in  time  between  the  feet  does  not  mean  that  there  are  no 
feet,  but  rather  that  the  changes  due  to  introducing  meaning  and 
variety  into  the  material  tend  to  reduce  very  greatly  the  regularity. 
That  the  time  occupied  by  a  foot  is  only  in  part  dependent  upon 
the  number  of  consonants  involved  is  seen  in  Tables  VI.  to  IX.  These 
records  were  so  taken  as  to  avoid  interference  from  the  tendency  of 
the  reader  to  change  his  rate  of  reading  during  the  sitting.  The 
individual  differences  of  the  readers  are  so  large  that  it  is  not 
possible  to  say  what  the  effect  of  adding  any  one  consonant  will  be. 
Evidently  it  will  not  be  great,  and  in  some  cases  the  time  is 
actually  shorter  when  the  consonant  group  is  more  complex.  The 
figures  of  Table  XIII.  again  give  an  opportunity  for  rough  com- 

'  Theoretical  time  for  the  notes  on  basis  of  total  time  of  verse. 
•  Reading  time  magnified  to  same  scale  as  singing  time. 
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parison.     The  large  individual  diflferences  undoubtedly  depend  in 
large  part  upon  the  way  in  which  terminal  r  was  pronounced. 

In  many  cases  the  verse  seems  to  be  divided  into  short 
phrases  rather  than  **feet''  in  the  ordinary  sense.  **  Pease  por- 
ridge," Table  XIV.,  is  an  example.  Other  examples  are  **  Break, 
break,''  Table  XV.;  see  also  Tables  XVIII.,  XIX.  These  phrases 
might  be  considered  as  the  rhythmic  elements  in  the  verse,  for  they 
are  fairly  uniform  in  length  while  the  feet  are  far  less  regular. 
Still  more  might  the  whole  verses  themselves  be  considered  the  units 
since  they  are  still  more  uniform  than  the  feet. 

TABLE    XVIII 

Averages  of  35  Readings  bt  H  of  Each  purple  peak,  each  flinty  spire 
Was  bathed  in  floods  of  living  fire 

ft                 1/               ft  V  1/     V  Foot  V        RaUo    V         2  Feet  V      4  Feet    V 

Each  pur  46  9.1  22  7.2        6S  6.2        .48  15.S 

pie  peak  28  8.9  81  6.7  110  4.9                           178  H 

each  flin  35  7.7  31  8.3        66  5.8        .88  12.0 

ty  spire  21  7.5  90  7.3  111  6.8                           177  5.0      356  3.9 

Was  bathed  42  9.3  46  4.0        88  5.2       1.13    9.5 

in  floods  17  12.0  53  6.6        70  5.2                           159  4.0 
of  living  fire                                                                                      223  6.0      379  4-5 

TABLE   XIX 

Averages  of  10  Readings  bt  H  of  Double,  double,  toil  and  trouble. 
Fire  burn  and  caldron  bubble 

ft'            b  ft'      V  b       V  Foot  V  RftUo      V  2  Feet       4  Feet 

Dou  ble  23     6.2  51     6.1  73  4'i  .45    94 

dou  ble  21     8.1  61  13.2  81  9.8  .35  13.3          155 

toil  and  54     6.4  40    9.8  93  6.6  1.4      9.0 

trou  ble  26  11.3  79     7.^  105  5.7  198          353 

Fire  ?"  62     7.9  62  7.9 

bum  and  62  12.2  35  10.5  98  8.9  1.8    i7.7           160 

cal  dron  41     7.2  39     6.9  81  4.5  1.07  11.0 

bub  ble  17     44  148    ^.7  165  246  406 

But  there  is  a  criterion  of  the  **foot,"  or  element,  provided  in 
the  absolute  time  of  the  nonsense  verse.  There  does  exist  in  that 
material  a  unit  of  very  definite  form  revealed  by  the  most  casual 
inspection  of  the  voice  record.  This  unit  has  rather  narrow  limits 
in  point  of  absolute  time  value  for  any  one  reader.  The  average 
value  of  none  of  the  first  three  feet  in  the  tetrameters  of  Subject  H, 
Table  VII.,  is  longer  than  .95  second  or  shorter  than  .85  second; 
and  so  for  the  other  readers. 

"The  word  fire  seems  to  have  two  syllables  here. 
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Since  these  well-defined  units  seem  so  essential  to  free  spoki 
rh)rthms  like  the  nonsense  verse  we  are  justified  in  looking  for  the 
in  other  verse  as  well.  But  in  every  ease  the  longer  phrases 
which  I  have  spoken  differ  from  the  **feet"  of  the  nonsense  ver 
in  the  very  fact  that  they  are  longer.  The  phrases  of  **  pease  pc 
ridge,"  Table  XIV.,  for  instance,  are  about  twice  as  long  as  tl 
longest  feet  of  the  nonsense  verse.  It  is  fair  to  say,  then,  th 
whatever  the  significance"  of  these  phrases  they  are  not  analogoi 
to  the  ''feet,"  in  the  strict  sense,  which  appear  in  nonsense  materi 
and  also  in  the  simplest  poetic  verse.  The  absolute  time  for  a  fo 
for  any  one  individual  is  determined  partly  by  the  rhythm  ai 
partly  by  the  content,  as  can  be  seen  by  following  down  the  columi 
of  Table  XIII.  In  different  selections  of  actual  verse  the  fe 
occupy  times  approximating  the  time  of  a  foot  in  the  same  rhyth 
in  nonsense  verse.  The  minimum  is  above  half  a  second  and  tl 
maximum  less  than  one  second. 

Closely  connected  with  the  matter  of  the  duration  of  the  feet 
that  of  the  rapidity  of  utterance  as  indicated  by  the  time  of 
whole  verse.    Here  we  find  very  great  individual  differences.     The 
come  out  most  strikingly  in  the  nonsense  material.     Table  VII] 
for  example,  shows  Subject  P  going  through  identical  material 
only  two  thirds  of  the  time  occupied  by  Subject  H.     In  Table  XII 
the  rates  of  different  readers  are  shown  in  all  the  rhythms.     It  w 
be  seen  that  each  has  a  very  regular  characteristic  tempo  relative 
the  others,  F  being  fastest  and  H  slowest.     The  averages  at  tl 
bottom  give  a  rough  measure  of  these  personal  peculiarities.*' 

(c)  Ratio  of  Accented  to  Unaccented  Syllables 

The  second  place  in  which  regularity  is  to  be  expected  is  in  tl 
ratio  between  the  accented  and  unaccented  parts  of  the  foot.  Hei 
again  we  find  very  remarkable  regularity  in  the  case  of  the  nonseni 
verse  and  even  more  remarkable  irregularity  in  the  case  of  t 
natural  verse.  The  most  generally  significant  fact  is  that  eac 
separate  verse  has  its  own  ratios  and  each  reader  his  own,  so  thj 
while  these  ratios  remain  fairly  well  fixed  for  any  one  reading  th( 

^  I  am  inclined  to  hold  that  such  clauses  are  to  be  interpreted  as  sho 
verses.  The  length  of  a  line  on  the  printed  page  often  obscures  the  true  lengt 
of  the  verse,  two  actual  verses  being  printed  as  one,  or  one  divided  in  the  middl 
In  the  absence  of  a  regular  rime  the  determination  of  the  true  verse  require 
special  investigation. 

^This  is  not  the  place  to  discuss  these  results  from  the  point  of  view  c 
individual  differences.  They  are  probably  parallel  effects  associated  wit 
rapidity  of  respiration  and  heart  beat,  all  expressive  of  the  general  organi 
rate  of  the  individual. 
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have  no  constant  form.  Thus  in  Table  II.  the  ratios  for  different 
readers  range  from  .45  to  1.^* 

In  Table  VIII.  on  the  other  hand  the  ratio  (still  remaining  fairly 
eon&tant  for  one  set  of  material)  changes  from  2.3  to  3.5  with  a 
change  of  material  in  the  same  rhythm. 

These  facts  exclude  at  once  the  idea  that  there  is  any  fixed  rela- 
tion between  a  **long"  and  a  ** short"  syllable.  Moreover  when  we 
turn  to  the  natural  verse  we  find  that  there  is  no  trace  of  such  a 
relation.  Table  XVIII.,  for  instance,  shows  two  exact  reversals  of 
normal  condition  in  iambic  verse.  The  ** short"  syllable  is  here 
twice  as  long  as  the  corre^onding  **long"  syllable.  Was  and 
haihed  on  the  other  hand  are  almost  equal.  Again,  in  Table  XIX., 
double  shows  the  accented  and  theoretically  **long"  syllable  less  than 
half  as  long  as  the  ** short"  syllable.  It  is  needless  to  multiply  par- 
ticular instances ;  the  tables  are  full  of  them. 

Tables  VI.  to  IX.  show  the  results  of  an  experiment  which  is 
crucial  upon  this  point.  It  amounts  to  this;  when  the  character 
of  the  syllable  is  changed  in  any  given  rhythm  there  is  a  change  of 
ratio  of  the  parts.  In  Table  IX.  the  effect  of  complicating  the 
long  syllable  in  iambic  rhythm"  is  to  lengthen  the  whole  foot  regu- 
larly. But  at  the  same  time  the  short  syllable  is  shortened  as  if 
there  were  a  tendency  to  make  it  compensate  for  the  greater  length 
of  the  other  syllable.  The  result  is  a  steady  increase  in  the  ratio  of 
the  parts  along  with  the  increase  in  total  length  of  the  foot.  Table 
VIII.  shows  the  same  thing,  save  that  the  compensation  is  really 
effective  in  the  lower  half  of  the  table  so  that  the  total  length  of 
the  foot  does  not  increase,  but  there  is  enough  decrease  in  the  first 
syllable  to  balance  the  increase  in  the  second,  and  the  ratio  mounts 
rapidly.  In  Tables  VI.  and  VII.  the  short  syllable  remains  fairly 
constant  and  changes  in  the  long  one  are  reflected  in  a  changed 
ratio.    Without  the  evidence  from  the  natural  verse  these  tables 

"  By  ratio  is  to  be  understood  the  figure  got  by  dividing  an  accented  by 
an  unaccented  syllable.  The  latter  is  then  always  unity  and  the  figure  given 
is  the  relative  length  of  the  accented  syllable;  this  figure  will  be  less  than 
Mnity  if  the  accented  syllable  (as  sometimes  happens)  is  not  so  long  as  the 
anaccented.  The  variations  given  with  the  ratios  are  per  centum  and  are  only 
lo  be  used  in  comparing  different  ratios.  They  furnish  no  criterion  for  com- 
paring the  variability  of  ratios  and  of  separate  syllables  or  feet. 

^  Iambic  rhythm  offers  the  critical  case  for  this  phenomenon  because  the 
eff'ect  is  seen  in  the  short  (first)  syllable  which  is  not  directly  affected  by  the 
changes  in  the  other  syllable.  If  trochaic  rhythm  were  taken  such  a  shorten- 
ing of  the  unaccented  syllable  in  response  to  a  lengthening  of  the  accented 
might  be  ascribed  to  a  change  in  the  length  of  the  pause  at  the  end  of  the  foot. 
In  the  case  of  iambic  the  pause  can  not  be  connected  in  any  way  with  the 
phenomenon. 
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The  results  show  that  this  introspection  is  only  partly  valid.  All 
the  syllables  are  shortened  and  the  ratios,  which  are  themselves 
notably  different  from  the  accepted  iambic  scheme,  remain  prac- 
tically the  same.  It  appears,  however,  that  the  greater  part  of  the 
shortening  comes  out  of  the  long  syllable  whether  it  is  accented  or 
not  and  whether  or  not  it  includes  a  pause.  Deliberately  changing 
the  tempo  does  not,  then,  serve  to  make  any  grave  difference  to  the 
rhythmic  structure  nor  to  affect  seriously  its  regularity.^*  There 
is,  however,  a  slight  change  in  the  ratio  of  the  syllables  as  was  the 
ease  when  different  vocal  complexes  were  tried  in  the  same  rhythm. 
In  view  of  the  great  variety  of  ratios  which  appear  between  the 
syllables  of  the  different  feet  in  even  the  most  simple  of  the  verses 
of  poetry  which  have  been  examined  it  is  remarkable  that  there  is 
such  great  regularity  between  the  different  readings  of  the  same 
verse.  In  other  words,  no  matter  how  irregular  the  verse  pattern, 
it  ifl  persistent,  maintaining  its  form  time  after  time.  It  is  reason- 
able to  suppose  that  this  regularity  is  partly  a  function  of  the 
natural  duration  of  the  individual  words  which  enter  into  the  verse. 
It  is  not  true,  however,  that  the  same  words  have  the  same  time 
value  in  different  verses. 

(d)  Rising  and  Falling  Rhythms 

A  discussion  of  the  ratio  of  the  syllables  in  a  foot  naturally 
leads  to  a  consideration  of  those  particular  time  relations  within  the 
foot  which  constitute  the  character  of  a  particular  rh)rthm.  And 
first  of  those ;  wherein  do  the  rising  rhythms  with  the  accent  on  the 
last  part  differ  from  the  falling  rhythms  with  the  accent  at  the 
beginning  of  the  foott  Here  again  the  distinction  is  clearest  in 
nonsense  material  where  the  nature  of  the  subject-matter  exerts  the 
least  disturbing  influence. 

Table  I.  shows  rising.  Table  II.  falling  rhythm  with  the  same 
pair  of  syllables  differently  accented.  In  iambic  (rising)  rhythm 
the  length  of  the  long  syllables  is  between  two  and  three  times  that 
of  the  short  (unaccented)  syllable.  In  trochaic  (falling)  rhythm 
the  accented  syllable  is  shorter  than  the  unaccented  in  every  case 
but  one.  The  ratios  in  the  third  foot"  are,  for  the  different  sub- 
jects : 

Subject  W  H  F  B 


Iambic 

2.9 

2.1 

2.3 

2.6 

Trochaic 

.46 

1.04 

.86 

.87 

"  See  discussion  of  variabilities  below. 

"  This  foot  is  selected  as  typical  because  it  is  less  subject  to  the  disturbing 
effect  of  position.  Tne  first  foot  is  likely  to  be  irregular,  the  second  and  fourth 
are  followed  by  pauses. 
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The  reader,  H,  who  has  the  leaat  difference  between  the  syllables 
in  one  rhythm  haa  the  least  difference  in  the  other,  and  the  one 
who  has  the  greatest  difference  in  the  one,  W,  has  the  greatest  dif- 
ference in  the  other.  This  being  interpreted  means  that  the  second 
syllable  was  always  relatively  short  for  the  one  and  long  for  the 
other.  The  ratio  for  iambic  tends  to  be  greater  than  the  orthodox 
2:1  of  the  theorists,  while  the  ratio  for  the  trochaic  tends  more 
to  be  1:1.  The  individual  differences  are  so  great  as  to  cause  an 
overlapping  of  the  two  species.  Thus  the  ratio  of  W,  trochaic,  is 
practically  the  reciprocal  of  that  of  H,  iambic.  Consequently  it  is 
not  possible  to  draw  a  hard  and  fast  line  between  the  two  rhythms 
on  the  basis  of  the  time  relations  of  the  syllables  alone. 

The  absolute  times  of  the  third  foot  as  given  in  Tables  I.  and 
II.  are: 


Satjact 

w 

H 

P 

B 

Iambic 

77 

73 

52 

73 

'frochAic 

72 

67 

57 

60 

The  tendency  to  acceleration  in  the  trochaic  rhythm  is  too  small 
to  be  significant.  Table  V.  shows  what  remarkable  results  can 
be  got  by  what  appears  to  be  a  very  insignificant  change  in  the 
rhythm.  The  introduction  of  a  catch  syllable  at  the  beginning  and 
the  cutting  off  of  the  final  unaccented  syllable  at  the  end  of  the 
verse  gives  a  new  tempo  and  new  set  of  ratios  to  the  whole  verse. 
The  time  for  verse  and  foot,  Table  XIII.,  is  less  for  this  form  than 
for  either  trochaic  or  iambic.  The  ratio  is  not  appreciably  changed 
by  coupling  the  second  accented  syUable  with  its  succeeding 
(trochaic)  or  preceding  (iambic)  syllable.  For  corresponding  third 
feet  the  ratios  are : 


Sabjeei 
Iambic 

w 
2.9 

H 

2.1 

F 
2.3 

B 
2.5 

Intermediate  form 
Trochaic 

1.05 
.46 

.62 
1.04 

•     .86 
.86 

1.8 
.87 

For  F  the  rhythm  is  the  same  as  trochaic.  For  W  and  B  it  is 
intermediate  between  trochaic  and  iambic.  For  H  it  is  more 
trochaic  than  the  natural  trochee.  A  comparison  of  trochaic  and 
iambic  rhythms  in  actual  verse  is  not  easy,  the  chief  reason  bein^ 
that  their  time  relations  are  too  much  alike.  *  *  The  boast  of  heraldy, '  * 
JTable  XXI.,  and  **The  stag  at  eve,"  Table  XL,  are  as  regular  as 
any  of  the  iambic  specimens.  Table  XXII.  gives  a  trochee  which 
may  be  said  to  be  more  trochaic  than  the  nonsense  type  because  in 
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TABLE    XXI 
AvEBAOES  or  15  RS4DIN08  BY  H  OF  The  boast  of  heraldry,  the  pomp  of  power 


ft          b' 

a 

V 

b' 

V 

Foot    V 

Ratio      V 

The        boast 

17 

10.6 

46 

S.6 

63    S4 

2.8     11.6 

of           her 

16 

8.5 

45 

5.6 

61     4.9 

2.9    13.7 

aldry 

73 

The        pomp 

18 

104 

42 

5.2 

60    4.7 

2.5    13.0 

of           power 

29 

8.8 

92 

5.2 

120    5.1 

Verse 

377    2.i 

TABLE   XXII 
Averages  of  12  Reaoinos  bt  H  of  Sleep  the  sleep  that  knows  no  breaking 


ft'               b 

ft 

V 

b 

V 

Foot 

V 

Rfttio      V 

Sleep       the 

50 

2.9 

18 

14.0 

67 

4^5 

2.8    17.0 

sleep        that 

43 

8.8 

19 

11.0 

62 

7.3 

2.3     11.0 

knows     no 

49 

5.0 

46 

5.8 

94 

2.6 

1.1       9.3 

brea         king 

24 

hJt 

150 

8.7 

174 

Verse 

397 

TABLE   XXIII 
Averages  of  10  READmos  bt  L  of  Wha  wUl  be  a  traitor  knave,  etc. 

b        V  Foot      V  Bfttio      V 

68  5.3 

40  10.0 

19    13.0  43  8.4  1.3    17.0 

55  11.0 
206 

19  19,0                54  12.0  1.8    19.0 
59      6.0 
54      7.6 
76  14.0 

243 

35    10.0                69  5.^                  .97  19.0 

15    15.0                46  74                2.1     14.0 

38  8.5 

59  11.0 

212 

38    10.0                62  11.0                  .62  I4.O 

20  9.0                58  9.9                1.9      P.O 
129  13.0 
249 

two  of  its  feet  the  ratio  of  the  syllables  is  more  extreme.  These  two 
feet  look  more  like  inverted  iambs.  Table  XXIII.  shows  great 
irregularities  in  respect  to  ratio  in  a  verse  which  was  selected  as 


ft              V 

ft' 

V 

Wha        will 

be            a 

trai         tor 

23 

10.0 

knave 

Verse 

Wha        can 

35 

14.0 

fill           a 

cow          ard's 

grave 

Verse 

Wha        so 

34 

13.0 

base         as 

31 

7.2 

be            a 

slave 

Verse 

Let          him 

24 

18.0 

turn        and 

38 

10.0 

flee 

Verse 
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typically  trochaic.  Parts  of  this  record  could  not  be  deciphered 
with  certainty.  The  tempo  is  fast,  and  the  rhythm  complex,  with 
very  unequal  feet.  Tables  XVIII.  and  XIX.  constitute  final 
evidence  of  the  indistinguishableness  in  regard  to  ratios  of  iambs  and 
trochees.  In  the  former  those  feet  which  are  free  from  pauses  are 
better  trochees  than  iambs ;  in  the  latter  true  trochees  give  irregular 
results  which  would  look  quite  as  well  interpreted  as  iambs. 

The  confusion  of  these  two  rhythms  is  caused  by  the  fact  that 
accent  does  not  always  carry  with  it  an  increase  in  duration,  hence 
the  ratios  do  not  obey  the  accentual  schemes. 

In  Table  XXIV.  we  have  what  seems  to  be  a  specimen  of  the 
anomalous  rhythm  of  Table  VIII.     Its  tempo  is  somewhat  faster 


TABLE 

XXIV 

Time  and 

Variation  of  Syllables. 

.    H,  10  readings. 

And 

cu 

ckoo 

buds 

of 

yel 

low 

hue 

Verse 

40 

19 

28 

54 

19 

22 

24 

80 

286 

14.0 

U 

5.4 

7.6 

8.8 

11.0 

14.0 

24.0 

Do 

paint 

the 

mea 

dows 

with 

de 

light     Pause 

Verse 

25 

35 

9 

22 

26 

25 

19 

46          100 

307 

8.9 

5.7 

10.0 

10.0 

9.2 
TABLE 

11.0 
XXV 

6.8 

8.5           i^ 

Time 

AND  Variation  i 

[)F  Syllables.    H 

,10  readings. 

Read  with  full 

stop  at 

the  end. 

The 

splen 

dor 

faUs 

on 

cas 

tie 

walls 

Verae 

9 

54 

26 

52 

43 

26 

23 

110 

343 

7.1 

7.9 

e.h 

6.6 

7.5 

8.1 

1S.6             7.8 

And 

snow 

(y)" 

sum 

mits 

old 

in 

story 

Verse 

2J 

55 

— 

26 

59 

47 

19 

185 

414 

U.2 

9.S 

— 

^.7 

8.5 

U 

U             5.i 

than  the  ordinary  iamb  of  Table  XXV.  but  except  for  the  unex- 
pected length  of  the  unaccented  initial  syllable  the  internal  structure 
shows  no  remarkable  peculiarities.  There  is  nothing  to  indicate 
whether  the  verse  should  be  treated  as  trochaic  or  iambic.  Both 
these  specimens  exemplify  the  chaotic  time  relations  of  verses  which 
are  quite  respectable  rhythmically. 

(e)  2-8yllable  and  3-Syllable  Rhythms 

The  number  of  syllables  in  a  foot  is  one  of  the  factors  which 
distinguishes    verse    rhythms.     The    characteristics    of    the    three- 
"  Can  not  be  separated  in  the  record  from  the  preceding  syllable. 
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syllable  type  are  analyzed  in  Tables  III.  and  IV.  In  respect  to  the 
time  value  of  the  foot  and  verse  there  is  no  marked  difference  be- 
tween iambic  (2-syllable)  and  anapaestic  (3-syllable).  The  latter 
move  faster  for  two  of  the  readers  and  slower  for  the  other  two. 
Neither  do  the  trochaic  and  dactylic  forms  show  any  constant  dif- 
ference in  this  respect.  The  relation  of  the  ratios  is  complicated. 
Taking  the  point  of  view  first  that  either  of  the  short  syllables  in 
3-syllable  rhythm  is  analogous  to  the  short  syllable  in  2-syllable 
rhythm  we  find  the  ratio  between  accented  and  unaccented  much 
larger  in  anapaestic  than  in  iambic.  As  a  rule  this  means  that  the 
short  syllable  is  much  shorter  in  the  former  case  while  the  long  one 
is  not  correspondingly  shorter.  Dactylic  rhythm  yields  a  ratio 
much  smaller  than  trochaic,  due  to  the  fact  that  the  accented  syllable 
is  much  shorter  in  the  dactyl. 

Now  consider  for  a  moment  the  two  short  syllables  together  as 
equivalent  to  the  corresponding  part  in  the  2-syllable  rhythm.  The 
anapaest  then  shows  a  ratio  not  unlike  the  iamb  but  smaller,  for  the 
two  shorts  of  the  anapaest  are  longer  than  the  one  of  the  iamb  and 
its  long  is  shorter.  The  dactyls  yield  a  ratio  almost  exactly  the  same 
as  that  of  their  analog  the  trochee,  for  all  of  the  readers  except  H. 
His  ratios  for  the  dactyl  and  for  the  trochee  with  an  extra  syllable, 
Table  V.,  are  the  same  practically,  both  differing  from  his  simple 
trochee  in  the  sense  that  the  latter  departs  from  the  regular  trochaic 
type  of  the  other  readers.  That  is,  his  trochee  is  the  exception,  not 
his  dactyl.  Considered  in  this  way,  no  very  clear  line  of  distinc- 
tion appears  even  in  the  nonsense  verse  between  2-syllable  and 
3-syllable  rhythms.^* 

The  distinction  between  the  rising  and  falling  rhythms  is  not 
so  clear  in  the  3-syllable  type  as  it  is  in  the  2-syllable  type/  The 
rate  is  slightly  faster  in  the  dactyls  than  in  the  anapaests.*®  The 
relation  of  the  two  short  syllables  is  the  same  for  dactyls  as  for 
anapaests,  the  first  being  shorter  whether  accented  or  not.  The  last 
syllable  is  only  very  slightly  longer  when  accented,  consequently  the 
relation  between  it  and  the  initial  syllable  is  practically  the  same 
for  rising  or  falling  rhythm.  The  ratio  of  the  last  syllable  to  the 
sum  of  the  first  two  in  the  third  foot  is : 

^•An  inspection  of  the  voice  records  will  bring  out  more  clearly  than  the 
figures  the  fact  that  the  two  short  members  of  the  3-syllable  combination  are  so 
closely  connected  as  to  be  almost  inseparable  while  they  are  at  the  same  time 
well  marked  off  from  the  rest  of  the  foot. 

*For  subject  H  the  verse  is  somewhat  slower  in  the  dactyl,  but  the  foot 
only  very  slightly  so. 
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Sabject 
Dactyl 
Anapcest 


w 
2 
1.8 


H 
1.5 
1.6 


F 

1.2 
1.5 


B 

1.2 
1.6 


These  particular  differences  exaggerate  the  general  argoment  of  the 
tables  and  still  they  are  not  suflScient  to  be  significant.  Neither  in 
regard  to  tempo  nor  ratio  are  dactyls  clearly  distinguishable  from 
anapaests.  The  distinction  must  lie  outside  of  the  time  relations  of 
the  elements  in  the  verse. 

The  examination  of  the  question  in  the  case  of  actual  verse  is 
made  very  difficult  by  the  disputes  which  immediately  arise  as  to 
what  verse  is  to  be  read  as  dactylic  and  what  as  anapsstic.  On 
this  account  no  attempt  has  been  made  to  construe  the  feet  of  cer- 
tain of  the  verses.  In  other  cases  the  form  is  sufficiently  well  de- 
termined to  warrant  an  interpretation.  The  distinction  between  the 
2-syllable  and  the  S-syllable  feet  of  the  same,  rising  or  falling, 
rhythm  is  one  which  is  easier  to  draw.  Table  XXVI.  presents  a 
case  where  the  comparison  is  made  easy  by  the  occurrence  of  the 
same  words  at  the  beginning  of  the  two  verses.    The  dactyl  departs 


TABLE   XXVI 

JtlSOlf   OF 

DACTTLfi 

1   WITH 

TB0CHE3SS. 

the  end. 

H, 

15  readhigB; 

with  J 

Full  8 

DMstyls 

Time 

v 

TrodMM 

Time 

v 

High 

52 

10.1 

High 

48 

8.0 

u- 

21 

10.0 

u- 

20 

8.7 

pon 

29 

6.0 

pon 

22 

6.4 

High- 

35 

9.1 

a 

18 

5.8 

lands 

62 

6.7 

gol 

32 

6.8 

and 

18 

8.5 

den 

26 

6.7 

low 

43 

15 

throne 

160 

7.8 

u- 

20 

9.0 

pon 

41 

8.1 

Tay 

125 

4^5 

Verse 

446 

326 

from  the  standard  of  the  nonsense  verse  in  that  the  accented 
syllable  is  comparatively  long,  while  the  final  unaccented  syllable 
is  not  proportionally  so  long.  The  trochee  is  not  typical  in  that  its 
first  syllable  is  too  long  but  after  that  the  approximately  equal 
length  of  the  syllables  is  typical.  The  significant  difference  between 
the  dactyl  and  the  trochee  lies  in  the  greater  length  of  the  syllable 
po7i  in  the  former.  This  is  evidently  due  to  the  pause  which  follows. 
That  syllable  in  the  trochee  is  initial  in  the  foot  and  even  with  a 
very  free  reading  bears  an  accent.     The  presence  of  this  accent  does 
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not,  however,  make  it  as  long  as  the  corresponding  weak  syllable  at 
the  end  of  the  dactyl. 

Table  XV.  shows  at  least  three  anapaests  which  approximate  the 
type  given  by  the  nonsense  verse.  The  combination  **Will  never 
come  back"  can  be  scanned  by  the  reader  to  suit  himself;  the  point 
of  chief  interest  is  that  the  strongly  accented  syllable  ne  is  very 
short  in  time,  being  a  little  over  one  third  as  long  as  the  preceding 
unaccented  ivill.  This  verse  read  as  iambs  (the  two  unaccented 
syllables  counting  as  one)  is  quite  as  regular  as  it  is  taken  any  other 
way  and  quite  as  near  the  ordinary  iamb  as  is,  for  instance,  **I  come 

from  haunts,"  Table  X. 

TABLE   XXVII 

Ayebagss  of  10  Readings  bt  H 


Why 

then 

comes 

in 

Half  verse 

U 

37 

31 

36 

137 

8^ 

4^6 

7.7 

7.2 

2.3 

the 

sweet 

of 

the 

year 

Verse 

11 

32 

11 

15 

92 

297 

11,7 

8.5 

12.6 

13.2 

8.0 

For 

the 

red 

blood 

reigns 

Half  yerse 

22 

8 

44 

29 

62 

165 

10.S 

2.5 

4.8 

'5.7 

7.9 

3.0 

in 

the 

win- 

tert 

pale 

Verse 

13 

4 

20 

41 

167 

400 

15,2 

13.0 

9.0 

S.7 

5.8 

Table  XXVII.  presents  a  mixed  type,  but  too  much  disturbed 
by  pauses  to  show  the  internal  structure.  Such  a  rhythm  as  that  in 
Table  XXVIII.  is  not  consistent  with  any  system  of  proportion  be- 
tween the  syllables.  As  this  rhythm  does  not  show  definite  feet 
under  any  construction  it  remains  a  puzzle.  Similar  difSculties 
appear  in  Tables  XXIX.  and  XXX.,  yet  those  verses  were  read  very 
rhythmically  by  the  subject.  The  lines  of  which  the  analysis  is 
given  in  Table  XXXI.  &ie  supposed  to  be  regularly  dactylic. 
Scanned  thus  they  give  fairly  uniform  feet  in  rather  slow  time. 
Another  and  freer  scansion  also  gives  about  the  same  regularity. 
The  difSculty  with  the  conventional  scansion  is  that  it  makes  the 
final  syllable  of  several  feet  very  short;  a  condition  which  was  not 
found  in  any  of  the  nonsense  rhythms.  The  cause  of  the  length 
of  the  final  syllable  in  all  the  rhythms  seems  to  be  the  presence  in  it 
of  a  pause  at  the  end  of  the  foot.  The  absence  of  a  long  syllable, 
i.  e.,  of  the  sign  of  pause,  argues  that  the  foot  does  not  really  end 
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TABLE   XXVm 
AvEBAOES  or  10  Readings  bt  H 


I 

stood 

on 

the 

bridge 

at 

mid 

night 

Verse 

25 

27 

27 

16 

28 

17 

25 

76 

241 

15.0 

94 

7.5 

5.8 

3.9 

U.0 

11.0 

7^ 

Ab 

the 

clocks 

were 

•trik 

ing 

the  hour 

Verse 

17 

17 

84 

33 

32 

23 

129 

285 

12.0 

13.0 

15.0 

H.0 

6.S 

13.0 

6.7 

And 

the 

moon 

rose 

o'er 

the 

ci 

ty 

Verse 

18 

12 

37 

34 

36 

15 

18 

59 

229 

13.0 

18.0 

9.0 

10.0 

7.0 

9.5 

8.5 

16.0 

Be 

hind 

the 

dark 

church 

tower 

Verse 

11 

39 

15 

37 

44 

184 

330 

10.0 

8.0 

3.2 

7.1 

6.1 
TABLE 

5.« 
XXIX 

AVEBAGEB  or  10  READINGS 

BT  H 

Sun 

set 

and       eve      ning 

star 

Verse 

46 

48 

20         25         24 

105 

268 

9.8  8.7        8.0      12.0      13.0        7.6 

And     one      clear      call       for        me  Verse 

18  54  48  47  24  91  282 

12.0        8.2        54        4-3        8.3        4-5 

And    may     there       be         no       moa      ning        of        the        bar  Verse 

20  31  25  19  28  28  19  17  20  64  271 

54      13,0        5.8      11.0        5.6        7.8        8.8      15.0        3.9      16.0 

Wlien     I  put       out         to       sea  Verse 

24  32  15  37  15        180  303 

7.9  8.6      11.0        8.6        8.1        4.0 

TABLE    XXX 
Averages  of  10  Readings  by  H 


The 

day           is           done 

and 

the 

dark        ness 

Verse 

18 

24             35             73 

20 

17 

31            47 

265 

5.1 

6.3           84           5.5 

8.0 

U 

i.9           7.2 

Kalis 

(from  the)      wings 

(of  the) 

night 

Pause 

Verse 

11 

20                 50 

22 

57 

138 

338 

5.7 

8.6                5.6 

12.0 

5.1 

6.2 
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in  this  syllable.  In  no  case  has  a  verse  of  poetry  been  foum 
triple  rhythm  with  the  initial  syllable  accented  and  short,  the 
unaccented  and  long;  and  as  this  is  the  normal  form  of  the  sii 
spoken  dactyl,  we  have  to  conclude  that  none  of  the  verses  stu 
are  true  dactyls  according  to  this  standard.  No  basis  whatever 
pears  for  distinguishing  dactyls  from  anapaests. 

(/)  Regularity  of  Feet  and  Syllables 

Two  purposes  are  served  by  measuring  a  large  number  of  : 
sense  syllables.  One  to  obtain  the  type  form  of  certain  spc 
rhythms  as  regards  their  true  structure  independent  of  the  influ 
of  the  verbal  and  ideational  content  of  the  verse.  The  other 
and  the  one  which  made  imperative  the  accumulation  of  a  I 
number  of  measurements  of  the  same  rhythm,  was  to  se< 
empirical  data  with  regard  to  the  variability  of  the  feet  and  t 
constituent  parts.  The  amount  which  such  nonsense  syllables  ^ 
may  be  considered  as  the  amount  of  the  variation  of  eminica 
when  the  rhythm  is  as  regular  as  possible.  The  variations  foun 
ordinary  verse  can  then  be  compared  with  these  as  a  standard 
we  shall  be  able  to  state  in  what  respects  the  ordinary  verse  is  r 
irregular  than  the  necessities  of  verbal  utterance  in  the  prescr 
rhythm  compel. 

Theoretically  such  a  determination  of  a  standard  of  variabi 

j  should  rest  upon  a  very  large  number  of  single  measurements. 

the  nature  of  our  material  precludes  the  use  of  more  measuremi 
than  can  be  got  from  a  subject  at  a  single  sitting  and  while 
tempo  is  fairly  constant.  A  change  of  tempo,  of  course,  aff 
the  homogeneity  of  the  group  of  figures  and  thereby  produces  a  \ 
considerable  apparent  increase  in  the  variability  of  the  series.  ' 
number  of  measurements  therefore  in  a  series  is  determined  by 
nimiber  of  repetitions  of  the  verse  which  could  be  made  by 
subject  before  his  rate  of  reading  was  appreciably  slowed  dowr 
accelerated  by  fatigue  or  impatience ;  and  the  actual  number  seen 

[  depends  largely  on  the  original  rate  of  the  reader  and  the  len 

i  of  the  verse.     Slow  reading  or  long  verses  yield  fcAver  reliable  ca 

Throughout  the  tables  I  have  taken  the  variability  in  ternu 
the  mean  variation  per  cent,  of  the  average  value  of  the  quani 

•  This  procedure  is  open  to  serious  objeetion,^^  and  yet  it  is  the  ( 

course  which  is  supported  by  common  sense.  To  take  the  abso 
amount  of  the  variation  affords  no  way  of  comparing  the  variabi 
of  one  series  with  that  of  another;  yet  that  is  precisely  what 

"  Thomdike,   "  Empirical   Studies   in   the   Tlieory  of   Measurement," 
these  Archives,  No.  3,  1907. 
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want  to  do  with  the  variability  when  we  get  it.  The  variation  pro- 
portional to  the  amount  of  the  quantity  does  afford  a  basis  of  com- 
parison between  quantities  and  is  the  figure  which  is  comprehensible 
and  in  general  use.  No  other  measure  of  variability  is  obtained  so 
directly  and  no  other  conveys  any  direct  information  at  all.  This 
measure  must  be  considered  the  experimental  datum  and  if  it  mis- 
represents the  facts  or  leads  to  inconsistencies  it  must  be  corrected 

TABLE    XXXII 

Variation  of  Foot  and  Constituent  Syllables.    Under  V  the  mv.  per  cent. 

of  the  foot.     Under  >/  the  square  root  of  the  sum  of  the  squares  of 

variations  of  the  constituent  syllables  reduced  to  per  cent. 


1st  Foot 

2d  Foot 

SdFoot 

Subject  W 

V 

V 

V 

V 

V    v— 

Pa  pa' 

7.1 

6.4 

7.0 

5.9 

7.1     6.0 

Pa'  pa 

4.9 

4.7 

4.8 

4.4 

5.4     5.0 

Oh  pa'  pa 

4.5 

4.0 

5.2 

4.2 

4.8     4.1 

Average 

5.5 

5.0 

5.7 

3.8 

5.8     5.0 

Subject  H 

Pa  pa' 

3.8 

3.5 

3.8 

4.1 

3.2     3.5 

Pa  pa'r 

2.9 

3.2 

2.8 

3.0 

3.2     3.4 

Pa  pa'rs 

2.1 

2.7 

2.4 

2.7 

2.7     2.4 

Pa  pa'rst 

4.3 

3.7 

2.8 

3.1 

3.5     3.5 

Pa'  pa 

4.2 

3.8 

3.2 

3.0 

4.4     3.7 

Oh  pa'  pa 

4.2 

4.7 

3.9 

4.6 

3.5     4.7 

Average 

3.6 

3.6 

3.1 

3.4 

3.4     3.5 

Subject  F 

Pa  pa' 

4.4 

4.3 

4.9 

4.4 

6.4     4.9 

Pa  pa' 

4.7 

4.9 

6.1 

5.7 

5.2     4.9 

Pa  pa'r 

6.0 

5.0 

5.5 

4.6 

4.7     4.6 

Pa  pa'rs 

7.1 

7.3 

9.1 

8.1 

7.4     6.7 

Pa  pa'rst 

6.8 

6.2 

5.8 

5.5 

6.7     5.8 

Pa'  pa 

3.8 

4.1 

4.0 

4.4 

2.9     3.6 

Oh  pa'  pa 

4.5 

5.3 

4.7 

5.7 

5.2     5.4 

Average 

5.2 

5.3 

5.7 

5.5 

5.5     5.1 

Subject  B 

Pa  pa' 

3.5 

3.8 

4.3 

3.7 

3.5     3.8 

Pa  pa' 

4.8 

5.0 

4.2 

4.0 

5.1     5.1 

Pa  pa'r 

3.2 

3.9 

3.7 

3.6 

3.0     3.3 

Pa  pa'rs 

4.2 

5.1 

3.7 

4.2 

3.4     3.9 

Pa  pa'rst 

6.4 

6.1 

6.5 

6.0 

5.5     5.7 

Pa'  pa 

4.8 

4.9 

5.4 

5.1 

5.1     5.4 

Oh  pa'  pa 

4.7 

5.6 

4.8 

6.9 

3.5     4.7 

^Average  4.5     4.9  4.7     4.8  4.2     4.6 


g5  TIME   IN    EN0LI8H    VERSE    RHYTHM 

subsequently.**  So  measured  the  variability  of  short  syllables  is 
found,  throughout  the  tables  of  nonsense  verse,  almost  without  ex- 
ception, greater  than  that  of  the  corresponding  long  syllables.  The 
long  syllable  being  terminal  in  the  verse  and  including  a  more  or 
less  conspicuous  ** pause"  or  silence  might  reasonably  be  the  more 
irregular  but  is  not.  When  the  short  syllable  is  stressed  it  does  not 
lose  its  excess  of  variability,  unless  it  also  gains  in  duration. 

Since  speech  sounds  are  essentially  movements  there  is  some 
reason  for  assimiing  that  they  should  be  subjected  to  the  correction 
proposed  by  FuUerton  and  Cattell,**  that  is,  that  each  variation  be 
divided  by  the  square  root  of  the  corresponding  quantity.  But 
there  is  no  apparent  reason  why  one  syllable  should  be  treated  as  a 
multiple  of  other  shorter  ones,  and  I  see  no  reason  for  obliterating 
by  this  procedure  a  result  which  may  be  highly  significant.  For 
purposes  of  comparison  the  feet  may  be  considered  as  having,  as 
units,  a  variation  of  their  own.  But  considered  as  made  up  of 
syllables  each  of  which  may  vary  independently  the  feet  will  be 
expected  to  vary  as  the  square  root  of  the  sum  of  the  squares  of  the 
variations  of  the  constituent  syllables.  Table  XXXII.  shows  that 
such  is  the  case  within  limits  set  by  the  number  of  cases  considered. 
The  conclusion  then  is  that  the  syllables  do  vary  independently  and 
that  the  feet  are  really  no  more  regular  than  the  syllables.  Whether 
there  is  a  tendency  for  the  two  parts  of  a  disyllabic  foot  to  com- 
pensate, the  second  being  longer  if  the  first  is  shorter  and  vice  versa 
should  be  determined  by  the  correlation  of  the  two  series  of  elements. 
But  the  constant  changes  in  the  time  of  reading  the  whole  line 
generally  occasion  such  a  large  apparent  positive  correlation  that  the 
true  correlation  is  covered  up.  If  there  were  any  such  tendency 
toward  compensation  it  would  make  itself  felt  in  Table  XXXII. 
Subject  W  does  show  feet  more  regular  than  a  chance  combination 
of  the  syllables  would  warrant,  and  there  are  a  few  other  cases  of 
the  same  sort.  But  on  the  whole  as  stated  above,  no  marked 
tendency  toward  compensation  appears. 

One  series  of  one  hundred  verses  was  taken  with  the  special 
object  of  determininfr  the  relative  variability  of  the  syllables  and 

"  I  do  not  believe,  liowever,  that  such  correction  is  ever  necessarj-.  It 
seems  to  me  that  what  we  mean  by  variability  is  proportional  variation,  and  if 
a  large  quantity,  for  instance  varies  less,  proportionally  than  a  small  one,  it  is 
really  less  variable.  Apparent  inconsistencies  arise  either  from  arbitrary 
classification  into  genera  which  are  not  homogeneous  or  from  arbitrary  methods 
of  correlation. 

^* "  On  the  Perception  of  Small  Differences,"  p.  153,  University  of  Penn- 
sylvania, Philosophical  Series,  No.  2,  1892. 
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feet,  Table  XXXIII.  This  particular  reader  was  able  to  keep  up  a 
very  constant  rate  of  reading  so  that  the  disturbing  correlation 
due  to  change  of  tempo  is  not  prominent.  The  averages  for  the  first 
half  of  the  series  were  almost  identical  in  every  case  with  those  of 
the  second  half.  The  variations  themselves  are  small.  According 
to  the  standard  applied  in  the  other  cases  there  must  be  compensa- 
tion between  the  syllables  of  the  foot  since  its  actual  variation  is 
less  than  the  square  root  of  the  sum  of  the  squares  of  the  variations 

TABLE   XXXIII 

The  Vabiation  of  the  Foot  and  of  the  Component  Syllables  in  the  3d 

Foot  of  the  Anapestic  Tetraheteb,  Tadadie,  etc.,  Togetheb  with  the 

Correlation  between  the  Separate  Syllables.    100  readings  by  R. 


U         dm 

Average  time 

19         21 

40                     34 

74 

Mean  variation    (AD) 

.96        .96 

1.15      1,S5      1.78 

1.98      2M 

mv.  per  cent. 

6.1        4.6 

2.9        S.S       5.2 

2.7        3,0 

Standard  (square  root)  deviation 

1.29      1.23 

1.60      i.78      2.14 

2.34      2,82 

U,  da 

U,  dee            d«,  dee 

Uda,  dee 

Pearson  coeflScient  of  correlation 

—  .21 

—  .28            -f  .03 

—  .28 

of  its  syllables.  This  conclusion  is  supported  by  the  application  of 
the  Pearson  coefficient  of  correlation.  The  first  and  second,  first 
and  third,  and  the  sum  of  the  first  two  syllables  and  the  third,  show 
a  definite  inverse  correlation.  That  is,  when  one  is  short  the  other 
is  long.  The  absence  of  correlation  between  the  second  and  third 
syllables  is  not  important.  With  regard  to  the  constancy  of  the 
ratio  of  the  syllables  the  other  nonsense  verses  show  negative  results. 
There  is  no  sign  of  positive  correlation.  But  in  this  favorable  case 
the  results  are  conclusive  on  this  point.  The  foot  is  the  regular 
thing  and  the  ratio  is  sacrificed  to  preserving  its  regularity. 

For  practical  purposes  of  comparison  the  variability  of  the  ratio 
between  the  syllables  of  a  foot  is  a  valuable  item ;  the  more  constant 
the  internal  structure  the  lower  this  variability  will  be.  No  attempt 
has  been  made,  however,  to  compare  the  variability  of  the  feet  in 
respect  to  their  length  with  their  variability  in  internal  proportion. 
The  length  might  vary  greatly  without  aflPecting  the  ratio.  That  it 
does  not  happen  so  means  that  ratio  and  length  are  both  variable 
but  does  not  indicate  that  either  is  more  so  than  the  other.  In  the 
verses  of  poetry  the  number  of  cases  is  not  sufficient  to  warrant 
exact  inferences,  but  the  variability  of  the  foot  is  less  in  nearly 
every  case  than  that  of  the  separate  syllables. 

*  The  square  root  of  the  sum  of  the  squares  of  the  variations  of  the  com- 
ponent parts. 
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TABLE    XXXIV 
Averages  of  10  Readings  bt  H 


And 

he 

dan 

ces, 

and 

he 

yells; 

28 

20 

31 

25 

18 

23 

100 

11.0 

12,0 

6,9 

12,0 

17,0 

13,0 

10,0 

Kee       ping       time,      time,     time, 
19  26  78  79  110 

IS.O        10,0  6,3  6,2        10,0 


In 

a 

sort 

of 

Run 

ic 

rhyme, 

13 

12 

29 

12 

26 

21 

99 

12.0 

16.0 

6,5 

17,0 

6,3 

54 

15,0 

To 

the 

p« 

an 

of 

the 

bells- 

12 

19 

18 

15 

14 

19 

98 

11,0 

16,0 

15,0 

17,0 

U,0 

13,0 

15,0 

Of  the       belU: 

17  20  125 

14.0        10.0        12,0 


Kee 
17 

u.o 

ping 
26 
6.1 

time, 
78 
4.9 

time, 
78 
7.0 

time, 
109 
5,1 

' 

In 
12 
18,0 

a 
11 
13.0 

sort 
32 
10.0 

of 
14 
14.0 

Run 
23 
13.0 

ic 
22 
10.0 

rhyme, 
98 
14.0 

To 
12 
7.5 

the 
17 
13.0 

throb 
29 
5.5 

bing 
18 
7.5 

of 
14 
15.0 

the 
19 
11,0 

bells— 
133 
10.0 

To 
12 

16.0 

the 
18 
94 

tol 
25 
13.0 

ling 
17 
13.0 

of 
15 
11.0 

the 
20 
5.1 

bells, 
103 
7.8 

Of 
16 
16.0 

the 
21 
11.0 

bells, 
77 
7.6 

bells, 
79 

bells, 
75 
5.7 

bells, 
113 
12 

Bells, 
79 
7.2 

bells, 
74 
16 

bells 
112 
6.2 

To 
13 
10.0 

the 
14 
2S.0 

moa 
34 
9.5 

ning 
17 
l.i.O 

and 
15 

6.8 

the        groa        ning 
16           31           15 
6.3        11.0        11.0 

of          the 
16           18 
13.0          8.7 

bells. 
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Iambic  rhythm,  Table  I.,  is  more  regular  than  trochaic  with  re- 
spect to  length  of  foot  and  syllable  for  only  two  of  the  four  readers. 
The  other  two  read  trochaic  more  regularly  in  this  respect.  With 
respect  to  ratio  neither  of  these  rhythms  is  more  regular  than  the 
other.  Neither  do  rising  and  falling  3-syllable  verses.  Tables  III. 
and  IV.,  show  any  differences  in  stability  in  time  or  proportion. 
The  3-syllable  type  is  as  regular  in  length  of  foot  as  the  2-syllable 
but  its  separate  syllables  are  more  variable.  A  fair  comparison  of 
ratios  is  not  feasible,  but  if  the  3-syllable  form  be  considered  as  a 
more  complex  2-syllable  verse  its  ratios  are  very  nearly  as  stable  as 
those  of  the  simpler  forms.  On  the  whole  all  the  rhythms  attain 
about  the  same  degree  of  stability. 

The  amount  of  variability  in  time  and  ratio  shown  by  the  non- 
sense verse  being  fairly  constant  and  being  based  on  a  fairly  large 
number  of  observations  establishes  a  norm  for  spoken  rhythms  in 
general.  Meaningful  verse  shows  higher  variability.  This  is  to  be 
attributed  to  the  greater  diflSculty  of  enunciation  and  to  interference 
from  the  side  of  the  intellectual  content  of  the  line ;  and,  in  part,  to 
an  increase  of  the  error  of  reading  the  record  due  to  its  greater 
complexity. 

Syllables,  feet  and  ratios  all  vary  more  in  poetry  than  in  non- 
sense verse.  The  comparison  can  not  be  made  statistically  but  a 
comparison  of  the  variation  in  Table  XV.  with  those  from  the  same 
reader,  H,  in  Table  I.,  shows  that  the  excess  of  the  former,  item  by 
item,  is  not  great.  Such  a  comparison  of  any  other  of  the  analyzed 
verses  with  its  corresponding  type  in  the  schematic  verses  will  show 
a  similar  condition.  Poetic  verses  thus  compared  with  empty 
spoken  rhythms  are  tolerably  regular  in  every  feature.  No  matter 
how  irregular  the  verse  pattern  itself,  it  is  adhered  to  with  great 
fidelity  time  after  time  in  repetition,  as  is  seen  in  Table  XXXIV. 
The  structural  irregularity  of  the  verse  is  not  therefore  a  chance 
affair.  If  it  were,  the  temporal  arrangement  would  probably  be 
different  with  each  repetition.  As  the  pattern  becomes  more  com- 
plex the  variability  increases  but  it  never  exceeds  an  amount  which 
is  surprisingly  low  if  one  considers  the  enormous  complexity  of  the 
motor  performance  involved. 

In  poetic  verse  there  is  no  evidence  that  the  presence  of  accent 
reduces  variability,  but  it  is  true  here  as  in  nonsense  verse  that  short 
syllables  are  generally  the  more  variable.  The  introduction  of 
pauses  due  to  the  meaning  does  not  add  appreciably  to  the  variability 
of  those  syllables  with  which  they  are  connected. 


CHAPTER  VII 

Significance  op  Results  fob  Metrical  Theory 

There  are  six  theories  of  English  verse  structure  which  can  be 
clearly  distingiushed. 

1.  There  is  the  classical  or  quantitative  theory  which  neglects 
accent  and  treats  the  verse  as  made  up  of  syllables  long  and  short, 
the  former  being  theoretically  twice  as  long  in  time  as  the  latter. 

2.  The  strict  time  theory,  which  makes  the  syllables  correspond  to 
notes  in  music,  the  feet  being  treated  as  measures. 

3.  The  conventional  English  scansion  which  makes  the  rhythm 
depend  on  the  regular  succession  of  accented  and  unaccented 
syllables  according  to  a  numerical  scheme  but  without  regard  to 
time  or  quantity. 

4.  The  beat  theory  of  Coleridge  which  requires  a  certain  number 
of  accents  to  every  line  but  disregards  both  the  time  and  the  number 
of  syllables  intervening  between  those  accents.  In  this  theory  the 
accent  may  fall  on  a  syllable  which  is  either  long  or  short  in  time. 

5.  The  ** section"  or  **centroid"  system  in  which  an  accent  is 
treated  as  a  point  of  maximum  stress  in  a  short  phrase. 

6.  The  interval  of  time  between  two  successive  beats  is  held  to  be 
constant  and  the  form  of  the  rhythm  is  determined  by  the  number 
of  intervening  syllables. 

Without  hesitation  we  can  dismiss  some  of  these  theories.  The 
measurements  of  actual  verses  show  nothing  corresponding  to  the 
long  and  short  syllables  of  the  classical  scheme.  To  be  sure,  some 
syllables  are  long  and  some  short,  but  there  are  all  gradations 
between  and  none  of  the  verses  which  have  been  examined  shows 
any  systematic  arrangement  of  the  longer  and  shorter  elements. 
Table  XXI.  illustrates  this  point  no  better  than  many  of  the  others. 
Here  the  second  line  instead  of  reading  as  it  should  according  to 
quantity : 

Short,  long  short  short,  long  short  short,  long  short  short,  lonor; 
reads 

Short,  long  long  long,  long  short  long,  short  short  long,  long. 

The  analogy  between  verse  and  music  has  been  shown  to  fail  in 
both  its  essential  features.  Highly  rhythmical  verse  if  made  up  of 
sensible  words  can  not  be  divided  into  feet  of  equal  length  to 
correspond  to  musical  measures.     And  even  if  these  inequalities  of 

70 
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the  feet  are  overlooked  in  view  of  the  fact  that  the  measures  in  music 
itself  are  not  rigidly  equal,  the  analogy  still  fails  for  want  of  any 
definite  element  bearing  definite  relations  to  other  elements  within 
the  measure.  There  is  no  syllable  in  verse  which  takes  the  place  of 
the  standard  half  or  quarter  note  in  music.  On  the  contrary  every 
syllable  has  its  own  peculiar  time  value,  and  it  very  frequently 
occurs  that  syllables  which  would  be  short  in  the  musical  plan  of  the 
line  according  to  such  a  scansion  as  Lanier's  are  really  longer  than 
the  theoretically  long  syllables. 

Even  in  the  nonsense  syllables  every  reader  must  be  allowed  to 
have  a  verse  music  of  his  own  for  not  only  do  different  readers  have 
different  tempos  (which  might  happen  even  in  music  were  the  latter 
not  highly  conventionalized)  but  each  one  has  his  own  private  ratio 
between  long  and  short  sounds.  There  is  nothing  left  of  the  musical 
analogy  if  it  must  be  interpreted  so  freely  as  to  cover  all  these 
anomalies. 

So  much  then  for  the  two  metrical  theories  which  make  time  the 
essential  factor  in  versification.  Such  relations  of  duration  as  they 
posit  are  not  found  in  actual  verse.  The  evidence  is  positive  that  the 
regularity  of  verse  does  not  lie  in  its  time  structure.  Nevertheless 
what  has  been  said  of  the  remarkable  self-consistency  of  the  com- 
plicated verse  patterns  must  not  be  lost  sight  of.  Time  must  be 
more  than  an  incidental  feature  in  rhythm  or  the  repetitions  of  a 
verse  would  differ  more  from  one  another  in  time  relations.  True 
as  it  is  that  the  elements  of  the  verse  do  not  arrange  themselves 
regularly  in  time  yet  their  arrangement  is  invariable,  and  that  in- 
variability of  the  time  structure  of  the  rhythm  points  to  the  funda- 
mental function  of  time  in  the  verse  rhythm.  This  argument  must, 
however,  take  into  account  the  fact  that  the  same  verse  may  have 
a  different  rhythmic  pattern  for  different  persons. 

With  the  conventional  English  scansion  by  number  we  have  noth- 
ing directly  to  do;  it  must  ultimately  break  down  under  the  logic 
of  its  own  claim  that  nothing  is  right  rhythmically  but  what  has  the 
right  number  of  syllables.  To  say  that  is  to  say  that  some  of  our 
best  poetry  is  not  good  verse.  We  know  that  the  better  the  poetry 
in  many  cases  the  better  the  rhythm  of  its  verse  sounds  despite  its 
irregularity.  Lack  of  numerical  regularity  does  not  destroy  the 
rhythm  and  the  latter  can  not  be  grounded  on  numerical  regularity 
alone. 

Of  the  three  remaining  theories  one  calls  for  a  constant  number 
of  accents  arranged  without  system  in  a  line;  another  for  an  in- 
definite number  of  centers  of  stress.  The  result  is  in  either  case  to 
shift  the  rhythmic  unit  from  the  verse  foot  to  the  verse  itself.     That 
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there  is  a  rhythm  in  which  the  verses  are  iinits  can  not  be  denied. 
Its  function  in  poetry  is  of  fundamental  importance.  But  the 
recognition  of  this  larger  rhythm  ought  not  to  obscure  the  existence 
of  rhythm  within  the  verse.  Neither  of  these  conceptions  of  verse 
make  any  provision  whatever  for  verse  rhythm  proper— for  that 
rhythm  which  we  call  2-syllable  or  3-8yllable,  rising  or  falling. 

The  sixth  and  last  theory  of  versification  attempts  to  return  to  a 
conception  of  regularity  and  supplement  the  inadequacy  of  the  two 
last  mentioned  by  reintroducing  the  factor  of  time.  The  conditions 
of  the  present  set  of  experiments  do  not  aUow  of  a  critical  discussion 
of  this  point  because  as  has  been  explained  the  point  of  greatest 
stress  could  not  be  recorded.  There  are,  however,  certain  cases 
where  it  is  evident  that  the  interval  between  accents  must  be  far 
from  equal.  No  matter  how  much  leeway  is  given  to  the  accent 
within  the  stressed  syllable  of  such  verses  as  those  in  Table  XXII., 
it  is  not  possible  to  find  an  arrangement  which  will  leave  equal 
intervals  between  them.  Such  cases  are,  however,  rare  and  there  is 
some  reason  to  believe  that  if  the  true  points  of  emphasis  could  be 
determined  the  intervals  between  them  would  be  found  considerably 
more  regular  than  the  conventional  feet. 

The  empirical  facts  leave  no  room  for  a  theory  of  verse  rhythm 
based  merely  on  time.  Nor  will  a  close  study  of  the  analyzed  verses 
confirm  one  in  a  prejudice  for  any  of  the  formal  systems  of  versi- 
fication. Here  and  there  there  are  points  in  favor  of  one  or  another, 
but  none  of  them  are  born  out  in  detail.  The  conclusion  must  be 
that  a  theory  of  versification  which  will  cover  the  facts  has  to  begin 
anew— taking  into  account  all  the  factors,  time,  accent,  and  tone, 
which  can  possibly  support  the  rhythmic  structure. 

Our  facts  mean  simply  that  time  alone  will  not  support  the 
rhythm.  There  is  no  reason,  however,  to  suppose  that  any  of  the 
other  factors  alone  can  support  it.  It  is  a  small  step  in  advance  to 
show  the  inadequacy  of  partial  theories;  the  more  important  task 
remains  to  find  a  substitute  in  the  complex  which  shall  take  the  place 
of  the  temporal  regularity  which,  it  has  been  so  generally  supposed, 
p:ave  it  unity  and  system. 

In  any  case  the  starting  point  must  be  the  rhythm  which  is 
actually  found  in  verse.  It  will  not  do  to  suppose  with  Meumann 
that  the  enriching  of  verse  by  its  content  destroys  the  simple 
rhythm  properly  existing  there  and  substitutes  for  it  another— that 
of  the  intellect.  Such  a  substitution  is  preposterous  on  the  face  of  it. 
All  verse  rhythm  is  felt  to  be  rhythmical— if  it  is  verse  at  all— and 
the  mast  beautiful  poetic  composition  no  less  so  than  the  most  non- 
sensical nursery  rime.     But  if  the  former  rests  on  an  intellectual 
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or  emotional  rhythm  and  the  latter  on  one  of  sound  how  do  we  get 
from  one  to  the  other?  Where  is  the  stage  when  a  simple  long  or 
loud  noise  is  replaced  by  a  concept  of  the  same  weight?  Such  a 
substitution  will  not  bear  a  moment's  consideration.  Moreover,  how 
does  it  happen  that  the  sounds  themselves  even  to  the  most  practised 
ear  still  sound  as  rhythmical  as  ever  in  the  poem  after  they  have 
lost  that  pristine  regularity  which  once  made  of  them  a  rhythm? 
Worse  yet,  why  is  it  that  we  take  great  delight  in  repeating  the 
words  of  a  poem  in  the  metrical  form  even  when  we  pay  no  attention 
to  the  meaning  of  the  verse!  And  lastly,  why  do  poems  lacking  in 
regularity  sound  rhythmical  to  us  when  recited  in  a  foreign  lan- 
guage? The  truth  is  that  some  verse  is  rhythmical  even  in  cases 
when  it  is  extremely  irregular.  Other  verse  is  regular  in  some 
respects ;  and  no  more  nor  no  less  rhythmical.  Other  speech  is  fairly 
i^gular  but  possessed  of  only  poor  rhythm.  Other  speech  is  prose 
and  neither  regular  nor  appreciably  rhythmical. 

The  common  man  has  no  diflSculty  in  deciding  for  himself  what 
is  verse  and  what  is  prose— what  rhythmical  and  what  not.  It  may 
depend  as  Wallin  has  shown  upon  how  he  reads  it;  under  some 
conditions  it  may  look  like  prose,  when  printed  differently,  like 
poetry,  and  his  reading  will  diflPer  accordingly,  but  his  judgment 
will  in  either  case  be  correct.  When  he  reads  rhythmically  he  is 
correct  in  calling  it  verse,  and  if  he  reads  prosily  he  will  call  it 
prose  correctly.  It  does  not  matter  under  what  suggestion  he  labors 
Or  what  impels  him  to  read  one  way  or  the  other. 

There  is,  of  course,  a  point  of  indiflPerence.  There  are  things  that 
read  so  much  like  prose  and  so  much  like  verse  that  no  reader  can 
decide.  Such  cases  do  not,  however,  affect  the  argument.  No  one 
has  a  right  to  set  up  a  standard  which  fails  to  meet  the  conditions 
of  experience.  Nor  will  it  do  to  deny  the  existence  of  an  experience 
which  is  felt.  When  verse  is  read  and  it  feels  and  sounds  rhyth- 
mical then  it  is  so,  and  its  deficiencies  in  the  light  of  some  theory  or 
other  can  not  change  the  fact.  So  long  as  the  psychological  fact  of 
rhythm  retains  its  integrity  it  is  a  matter  of  small  weight  to  the 
poet  and  lover  of  poetry  whether  its  conditions  are  analyzable  out 
of  the  objective  sound  series  or  whether  it  is  the  product  of  the 
reader's  own  activity  as  he  casts  the  words  of  the  language  into  a 
form  which  suits  better  his  own  disposition  for  temporal  regularity 
and  accentual  symmetry.  But  for  the  psychologist  it  is  worth  while 
to  know  to  what  extent  sequences  of  sounds  may  be  objectivr^ly 
irregular  and  still  acquire  the  rhythmic  form. 


CHAPTER   VIII 
SiGNipicANCB  OP  Results  fob  Thb(«y  op  Rhythm 

The  fact  that  music  is  divided  into  measures  of  theoretically 
equal  time  value,  the  fact  that  we  **beat  time"  at  a  fairly  regular 
rate  and  that  we  frequently  resort  to  rhythmical  grouping  of  sounds 
in  our  estimation  of  time— all  these  facts  and  many  others  have  lent 
color  to  the  popular  notion  that  the  two  phenomena,  time  and 
rhythm,  are  inseparately  connected.  It  seems  to  be  true  that  rhythm 
is  only  found  in  a  time  series— it  is  a  phenomenon  of  succession  or 
even  let  us  say  recurrence— but  this  is  only  saying  that  it  is  not  a 
matter  of  spatial  arrangement.^ 

Rhythm  is  a  temporal  phenomenon;  but  if  active,  performed, 
rhythms  are  considered  it  is  not  obvious  that  time  estimation  or  a 
perception  of  time  enters.  Nor  is  there  any  reason  why  there 
should  be  regularity  in  time.  Such  rhythms  as  the  heart  beat,  walk- 
ing, tapping,  are,  however,  regular.  Breathing  is  less  so.  The  reci- 
tation of  nonsense  syllables  in  tetrameter  lines  is  regular  as  respects 
the  recurrence  of  beats,  the  length  of  the  feet  and  the  length  of  the 
line.  The  recitation  of  simple  verses  of  poetry  shows  no  such  regu- 
larity. A  theory  of  rhythm  based  on  organic  functional  rhythms' 
or  central  nervous  rhythms  could  account  for  the  regularity  of  cer- 
tain performed  rhythms  but  there  are  insurmountable  objections  to 
such  theories.'  Explanations  of  rhythmic  perception  based  on 
strain  of  attention  or  upon  expectation  and  satisfaction  tell  m 
nothing  of  the  rhythms  which  we  make  as  contrasted  with  those  we 
get.  Miner's  description  of  rhythm  in  terms  of  concomitant 
kinaesthetie  feelings  also  fails  to  take  account  of  that  kind  of  rhythm 
where  the  strain  and  relaxation  are  original  and  no  concomitant 
feeling  is  called  for.  Meyer*  recognizes  the  fact  that  the  direct 
way  to  attack  this  subject  is  from  the  side  of  the  reciter  or  dancer, 

*  There  is  a  certain  spatial  unity  required  also,  it  is  true,  before  we  have 
rhythm;  namely,  the  rhythm  must  all  originate  in  about  the  same  place.  We 
can  not  form  a  rhythmic  series  one  member  of  which  is  made  by  the  voice  and 
another  by  the  finger;  the  rhythm  of  a  clock  tick  is  disturbed  by  rapid  trans- 
position of  the  wliole  clock;  a  pendulum  swing  fails  of  its  rhythm  if  its  own 
motion  is  combined  regularly  with  a  motion  of  translation. 

^Hallock,  Pop.  Science  Monthly,  63,  425,  1903. 

*  Miner,  "  Motor  Visual  and  Applied  Rhythms,'*  p.  6. 

*  Meyer,  Die  ncucren  SprachCy  6,  1899. 
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not  that  of  the  hearer  or  onlooker.  Stetson"  also  recognizes  the  prob- 
able function  of  direct  feelings  of  tension  between  opposed  muscle 
sets  as  the  unifying  principle  in  the  rhythm  group. 

If  we  take  the  ground  that  the  grouping  in  rhythm  is  an  affective 
experience  and  if  we  place  it  simply  in  the  dimension  of  strain  and 
relaxation  it  becomes  at  once  clear  why  no  regular  time  relations  are 
necessary.  The  regularity  becomes  a  matter  of  recurrence  of  strain 
at  the  end  of  a  definite  cycle.  The  muscles  may  take  a  longer  or 
shorter  time  to  accomplish  their  cycle  and  the  strain  may  not  come 
at  equal  intervals  of  time  but  the  swing  is  there  and  from  one  place 
to  the  next  like  place  is  one  definite  mental  state  held  together  by 
the  continuous  circular  process. 

Longer  cycles  may  be  made  up  of  a  number  of  smaller  ones  and 
as  the  possible  length  of  any  given  cycle  is  undoubtedly  controlled 
within  certain  physiological  limits,  it  is  clear  that  the  time  occupied 
by  any  five  of  them,  say,  will  be  fairly  constant  even  though  the 
separate  cycles  vary  considerably  in  duration.  The  more  complex 
the  movement  that  must  be  performed  in  a  cycle  of  any  particular 
form  the  more  the  duration  of  such  cycles  will  vary.  The  move- 
ments of  speech  are  extremely  complex  and  the  results  show  as  we 
should  expect  a  very  large  difference  in  the  amounts  of  time  occupied 
by  them.  The  inequality  is  still  further  augmented  by  the  mental 
weighting  of  the  syllables  with  greater  or  less  meaning  according  to 
their  logical  and  grammatical  importance.  Such  weighting  seems 
to  increase  the  strain  attaching  to  the  larger  or  heavier  points  of  the 
cycle  and  at  the  same  time  complicates  the  total  situation  in  such  a 
way  as  to  lengthen  the  time  occupied  by  that  cycle  in  which  it  occurs. 

The  movements  of  singing  or  tapping  on  the  other  hand  are  com- 
paratively very  simple.  In  singing  the  single  tone  is  held  for  the 
prescribed  time  and  there  is  none  of  that  shifting  stress  by  which 
speech  is  enriched  at  the  expense  of  euphony.  Moreover  the  stress 
or  strain  in  music  is  slight  compared  to  that  in  verse,  the  rhythm 
being  comparatively  unmarked.  In  fact,  it  is  often  diflScult  for  the 
untrained  ear  to  discover  the  rhythmic  beats  in  very  good  music. 
Tapping  is  evidently  a  succession  of  very  similar  movements  and 
that  they  should  take  place  regularly  as  regards  time  is  not  sur- 
prising. And  what  is  here  said  of  tapping  applies  largely  to  the 
'  performance  on  musical  instruments  where  the  actual  movements 
gone  through  with  are  not  very  different  as  regards  their  com- 
plexity. There  is  nothing,  therefore,  in  the  temporal  regularity  of 
simpler  rhythmic  processes  which  contradicts  the  assumption  of  a 
non-temporal  theory  of  rhythm.  And  the  lack  of  temporal  regu- 
larity in  verse  makes  such  an  assumption  imperative. 

*  Psychological  Review  Mon,  Suppl.,  Vol.  IV. 
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Nevertheless  the  psychojogist  can  not  afford  to  ignore  all  the  goo 
introspection  which  has  reported  temporal  regularity  in  verse  itsel 
The  facts  give  the  lie  to  the  introspection,  but  we  are  bound  to  dii 
cover  the  source  of  the  latter.  If  there  is  an  illusion  of  tempon 
regularity  its  cause  ought  to  be  known.  Some  other  kind  of  regi 
larity  in  the  verse  might  give  rise  to  the  illusion.  That  there  is  bow 
kind  of  regularity  can  not  be  doubted  after  considering  the  fact  thi 
intricate  verse  rhythms  can  be  repeated  indefinitely  in  almost  idei 
tical  form.  Other  motor  performances  can  not  be  so  accurately  n 
produced  and  the  words  themselves  which  are  employed  are  not  o 
unvariable  duration.*  The  rhythm  itself  is  undoubtedly  responsibl 
for  this  fixity  or  stability  of  the  verses.  But  not  a  time  rhythn 
If  the  feeling  of  rhythm  arises  out  of  a  series  of  motor  performance 
of  alternate  vigor  and  relaxation  the  illusion  of  equality  in  tim 
would  very  naturally  arise  from  the  apparent  equivalence  of  thes 
series.  Objectively  they  could  differ  in  time  very  considerably  an< 
still  be  felt  as  equal  on  account  of  the  real  equality,  not  of  time,  bu 
of  kind,  between  the  elements. 

Two  experiences  may  be  physiologically  equal  so  as  to  accomplis] 
the  same  result  without  occupying  the  same  time.  But  as  experi 
ences  and  transpiring  in  time  there  will  be  a  tendency  to  attribute 
equal  duration  to  them.  That  an  equality  of  duration  in  some  sens 
is  generally  attributed  to  the  elements  of  a  rhythm  is  commoi 
knowledge.  Now  we  know  that,  in  the  case  of  verse  rhythm  at  least 
the  equality  is  not  there.  Is  it  not  natural  then,  to  conclude  tba 
time  equality  is  an  inference  derived  from  the  apparent  equality  o 
two  impressions  or  expressions  and  confirmed  by  actual  equalities  ii 
many  rhythms,  but  not  really  a  constitutive  factor  in  the  rhythm  a 

Iain  After  all,  time  is  a  very  uncertain  thing  in  our  experience 
Experience  itself  often  does  not  measure  up  with  the  markings  or 
I  the  clock's  dial.     One  hour  is  long,  another  short,  one  second  onlj 

half  as  long  to  us  as  the  next.  In  the  end  it  will  be  much  simplei 
to  talk  of  a  rhythm  which  is  actually  present,  perceived  or  per- 
formed,  together  with  and  inseparable  from  its  peculiar  feelings,  the 
beats  of  which  are  not  fixed  in  time,  while  its  effect  upon  us  is  that 
of  a  series  of  equal  time  intervals. 

Time  not  only  fails  to  account  for  the  regularity  of  verse  rhythm ; 
it  also  fails  to  offer  a  base  of  distinction  betw^een  the  different  type5 
of  rhythm.  Temporally  anapaests  are  just  like  dactyls  and  neither 
clearly  distinguished  from  iambs.  Here  the  concept  of  numbei 
comes  to  the  rescue  only  to  be  followed  by  unwelcome  consequences, 
and  the  most  satisfactory  course  is  to  fall  back  upon  the  swinir  oi 

•  Compare,  for  instance,  the  lengths  of  the  familiar  words  **  the  "  or  "  anci  *" 
ir  different  verses. 
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the  rhythm  itself.  The  diflPerent  rhythms  form  distinct  kinds  of 
cycles.  It  is  the  perseverance  of  one  of  these  types  throughout  a 
verse  or  stanza  that  establishes  the  rhythm.  Each  beat,  or  each 
swing,  brings  up  another  of  the  same  general  structure  and  the  same 
total  affective  value.  Their  form  depends  in  part  upon  the  number 
and  character  of  the  syllables,  but  it  also  depends  very  largely  upon 
the  disposition  of  the  individual.  When  one  starts  to  read  dactylic 
verse  he  finds  dactyls  provided  the  syllables  can  possibly  fit  that 
rhythm.  He  speaks  so  as  to  make  the  segments  of  equal  weight. 
The  rise  and  fall  of  his  effort  is  regular  and  of  the  peculiar  form  of 
that  rhythm.  The  regularity  of  the  motor  performance  and  the 
equivalence  of  the  resulting  feelings  leads  naturally  to  the  introduc- 
tion of  the  impression  of  temporal  regularity ;  but  that  impression  is 
really  subsequent  to  the  rhythm  itself. 
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